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SOME  FEATURES  OF  THE  DESIGN  AND  CONSTRUCTION  OF 

HIGH  BUILDINGS. 

WILLIAM  COPELAND  Fl'RBER. 

Read  October  19,  1901. 

In  considering  some  phases  of  the  question  of  the  architectural  and 
engineering  design  and  construction  of  high  buildings,  a  brief  sum¬ 
mary  of  the  causes  which  led  to  the  development  of  this  peculiar  type  of 
building  may  be  of  value  in  determining  the  architectural  treatment 
which  should  be  given  to  it,  to  logically  express  its  function  and  its 
construction. 

Man  is  a  gregarious  animal.  In  his  natural  and  normal  state  he 
seeks  the  companionship  and  society  of  his  fellow-creatures.  This  com¬ 
munistic  tendency  in  his  composition  led  him  first  to  form  the  tribe 
which  has  grown  into  larger  commonwealths,  by  steps  from  the  village 
to  the  town,  and  from  the  town  to  the  city  of  wide  and  scattered  centers 
of  business,  to  the  city  where  all  important  interests  are  clustered 
together  within  a  comparatively  small  area,  readily  accessible  to  each 
other  and  to  the  public.  As  the  experience  of  man  in  living  in  commu¬ 
nities  increased  he  discovered  advantages  in  co-operation;  that  the 
work  of  one  man  is  more  efficient  if  concentrated  in  one  direction,  than 
if  scattered  in  many;  but  the  community  is  the  only  place  where  the 
division  of  labor  is  possible,  hence  the  growth  of  towns  and  cities. 
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The  savage  is  dependent  only  upon  nature  and  himself  for  the  neces¬ 
sities  of  his  existence;  but  the  civilized  man,  being  far  removed  from 
nature’s  heart,  cannot  provide  for  himself  all  he  needs,  and  therefore 
is  dependent  upon  the  labor  of  many  others  for  his  necessities  and 
luxuries.  By  experience  man  has  found  that  in  the  division  of  labor 
the  product  of  the  specialist  is  superior  to  the  product  of  the  diversified 
worker,  and  so  on  it  might  be  shown  that  the  concentration  of  effort 
and  of  facilities  is  the  tendency  of  modern  life. 

In  the  development  of  that  highly  concentrated  community,  the  city, 
experience  has  shown  that  certain  centers,  by  reason  of  natural  advan¬ 
tages,  or  by  convenience,  or  fashion,  or  by  convention,  have  become 
more  valuable  for  business  or  residence  than  other  localities,  and  that 
these  centers  soon  become  fully  occupied.  Under  the  old  conditions 
the  limit  of  occupation  was  quickly  reached,  but  with  the  knowledge  of 
better  ways  of  constructing  buildings,  the  former  limit  of  concentration 
has  been  many  times  exceeded,  and  to-day  we  have  in  the  high  office, 
hotel,  or  apartment  house  building  the  exponent  of  the  possibilities  of 
the  most  concentrated  form  of  communistic  life  ever  attempted. 

In  the  business  sections  of  cities  the  office  building  is  the  result  of  the 
effort  to  provide  the  maximum  of  conveniences  for  attending  to  busi¬ 
ness  with  the  minimum  occupation  of  ground  area.  The  available  area 
of  a  business  block  is  multiplied  as  many  times  as  the  number  of  floors 
of  the  building;  and  this  at  no  loss  of  convenience;  but,  on  the  con¬ 
trary,  this  great  concentration  of  available  space  over  a  small  area 
warrants  the  employment  of  facilities  which  diminish  labor  and  add  to 
the  enjoyment  and  convenience  of  the  occupants  at  but  a  nominal  cost 
to  the  tenants.  The  secret  of  this  is  to  be  found  in  the  employment  of 
the  communistic  idea,  that  of  providing  many  facilities  in  common, 
with  reservation  of  space  for  private  use.  Light,  heat,  power,  hot  and 
cold  water,  sanitary  conveniences,  transportation,  ventilation,  janitor 
service,  can  be  economically  provided  for  in  common,  and  for  indi¬ 
vidual  use  and  service,  while  the  tenant  has  at  the  same  time  all  the 
privacy,  but  none  of  the  isolation  and  trouble,  he  formerly  experienced 
in  the  small  building. 

The  skeleton  building  is  a  product  of  the  last  quarter  of  the  nine¬ 
teenth  century,  and  is  a  result  of  the  advances  made  in  metallurgic  and 
structural  knowledge  preceding  and  during  this  time.  Fifty  years  ago 
it  could  not  have  existed,  and  became  a  possibility  only  after  the  first 
iron  beam  had  been  rolled. 

The  first  high  buildings  were  crude  in  design  structurally  because  the 
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science  and  practice  of  structural  or  bridge  design  had  not  been  applied 
to  their  construction.  The  cast-iron  column  was  used  until  its  unfit¬ 
ness  was  made  apparent,  by  the  knowledge  derived  from  full-size  tests, 
which  showed  its  unreliability  was  due  to  varying  heat  treatment, 
the  floating  of  the  cores,  and  low  tensile  strength.  Experience 
also  demonstrated  the  difficulty  of  making  efficient  connections  with 
beams,  girders,  and  other  columns.  When  the  cast-iron  column  was 
succeeded  by  the  riveted  built-up  column,  the  design  of  the  structural 
part  of  high  buildings  was  immediately  recognized  as  an  engineering 
problem,  and  to-day  all  the  refinements  of  bridge  construction  are 
applied  to  them.  But,  architecturally,  in  the  modern  skeleton  building 
we  have  a  misfit;  we  have  an  engineering  structure  with  construc¬ 
tional  elements  of  high  resistance  and  of  great  strength  and  tenacity 
occupying  small  sectional  areas,  clothed  in  the  cumbersome  forms  of 
masonry,  simulating  partly  in  mass  and  wholly  in  detail  the  style  of 
building  developed  from  materials  of  comparatively  low  resistance  to 
compressive  stresses  and  with  but  little  resistance  to  tensile  stress. 

When  the  prototype  of  this  form  of  building  was  born,  there  was  a 
great  stretching  of  architectural  clothes  to  fit  it.  To-day  the  struc¬ 
tural  possibilities  have  been  developed,  but  the  architectural  possibili¬ 
ties  have  not  been  realized,  because  most  of  the  men  who  have  hereto¬ 
fore  been  intrusted  with  the  design  of  the  exteriors  have  not  been 
trained  to  see  the  glorious  possibilities  before  them — the  opportunity 
to  create  a  new  architecture,  to  give  a  rational  expression  to  the  new 
materials  of  the  age.  They  have  contented  themselves  with  covering 
this  nineteenth  century  giant  in  a  garment  made  of  the  “  shreds  and 
patches”  of  the  architectural  clothing  of  antiquity;  so  to-day  this 
prodigy  stands  up  unblushingly  covered  with  borrowed  clothes,  dis¬ 
playing  either  gaudily  or  modestly  its  utter  disregard  of  the  limitations 
of  masonry  construction,  yet  using  without  stint  the  forms  anti 
usages  of  stone;  purporting  to  be  a  masonry  structure,  yet  violating  its 
fundamental  requirements,  or,  as  Mr.  Louis  H.  Sullivan  has  tersely  put 
it,  “  a  steel  frame  function  in  a  masonry  form.”  It  is  to  be  feared  per¬ 
haps  that  this  poverty  of  ideas,  this  lack  of  invention,  this  dependence 
on  tradition,  is  but  the  result  of  the  method  of  education  of  the  de¬ 
signers — the  method  of  trying  to  teach  men  to  design  without  first, 
having  taught  them  to  construct. 

A  blind  adherence  to  precedent  is  a  mark  of  the  empirical  mind, 
which,  not  being  able  to  analyze,  leans  on  past  performances,  and  must 
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keep  itself  within  the  circumscribed  area  of  what  lias  been  done  to  be 
safe;  practice,  not  principles,  is  its  dependence  and  its  undoing. 

The  designer  who  can  construct,  who  can  think  in  terms  of  the  pres¬ 
ent,  and  can  test  the  basis  of  his  thought  by  comparing  it  with  a  fact, 
is  the  only  one  capable  of  designing. 

The  Harrison  office  building,  Philadelphia,  shown  in  figures  1,2,  and 


Fig.  1. 


Fig.  2. 


3,  is  an  early  effort  at  rational  construction  and  the  first  building 
erected  with  walls  entirely  of  terra-cotta.  In  this  building  the  walls 
are  composed  of  two  thicknesses  of  terra-cotta  blocks,  bonded  together, 
at  the  floor  levels  and  the  window  sill,  and  window  lead  levels,  with 
leader  courses  through  the  walls.  No  brick  backing  was  used.  The 
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building  was  erected  in  1894-95.  Cope  A:  Stewardson  were  the 
architects,  and  \\  in.  Copeland  Furber  the  designing  engineer. 

Architecture  and  construction  cannot  be  separated.  Architecture 
•  is  the  flower  of  construction,  the  blossom  reared,  nurtured,  and  suj>- 
ported  by  it,  coordinate  in  function  with  it,  but  conveying  to  the  eye 
the  spiritual  relation  between  constructional  forms  and  the  laws  of 


- 


i 


Fig.  3. 


beauty,  the  adaptation  ot  the  laws  of  construction  to  a  definite  end  with 
grace,  beauty,  and  truth— “the  perfect  union  of  spirit  and  matter.” 

Architecture  is  a  practical  art.  The  painter  may  apparently  trifle 
with  the  laws  of  gravitation  on  canvas  it  lie  will.  He  may  make  beams 
and  columns  insufficient,  and  draw  corbels  and  projections,  arches  and 
lintels  of  unstable  forms,  without  endangering  life  or  property;  but 
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the  man  who  uses  solid  material  to  carry  out  his  design  must  know  the 
physical  laws  governing  matter  if  his  structures  are  to  endure. 

The  fundamental  basis  of  the  present  architectural  forms  once  had 
the  merit  of  having  stood  for  something  of  utility;  the  console,  the 
modillion,  the  dentile,  the  pediment,  the  column,  and  similar  archi¬ 
tectural  details  formerly  had  a  utilitarian  office,  and  to  them  ornament 
had  been  applied  until  they  assumed  graceful  forms.  According  to  the 
best  authorities,  the  console,  the  modillion,  and  the  dentile  were  origi¬ 
nally  the  projecting  ends  of  wooden  members.  Art  being  imitative, 
in  the  course  of  time,  when  stone  had  largely  superseded  wood  in  build¬ 
ings,  these  projecting  ends  of  what  were  formerly  wooden  members 
were  made  of  stone,  and  became  mere  imitations ;  but  they  stand  to-day 
in  architectural  history  as  a  lasting  compliment  to  the  construction 
which  inspired  them. 

The  architecture  of  wood  then  became,  as  it  were,  hardened  into 
stone,  and  so  now,  by  the  same  imitative  principle,  the  architecture  of 
stone  is  being  carried  into  buildings  which  are  not  stone,  but  which  are 
of  material  differing  more  widely  from  stone  in  its  properties  than 
stone  from  wood. 

Anv  stvle  or  form  of  architecture,  to  sav  the  least,  is  absurd  which 
permits  the  visibly  apparent  bones  of  the  structure  to  be  wired  or 
strapped  on  to  an  iron  framework;  yet  the  cornice,  brackets,  and 
modillions  which  indicate  the  projecting  ends  of  internal  construction 
are  the  merest  shams  in  skeleton  buildings,  and  ethically  no  worse  than 
the  galvanized  cornice.  The  result  has  been  accurately  described  by 
Mr.  Sullivan  in  saving  that  “American  architecture  of  to-dav  is  the  off- 
spring  of  an  illegitimate  commerce  with  the  mongrel  styles  of  the  past.” 

A  rational  construction  for  a  heavy  cornice  is  shown  (Fig.  4)  in  the 
store  building  and  warehouse  erected  for  C.  C.  Harrison  at  Tenth  and 
Filbert  Streets,  Philadelphia.  The  architects  of  this  building  were 
Cope  &  Stewardson,  and  Wm.  Copeland  Furber  was  the  designing 
engineer. 

The  worst  enemies  of  architecture  to-day  are  those  men,  no  matter 
how  high  their  present  standing,  who  seek  to  belittle  the  importance  of 
structural  design,  or  who  teach  and  argue  that  construction  and  its 
principles  are  not  an  essential  part  of  the  architectural  designer’s 
education.  No  mind  can  design  with  confidence,  or  project  without 
fear  when  ignorant  of  the  laws  which  govern  matter,  and  the  highest 
result  cannot  be  expected  until  the  decorative  hand  is  guided  by  the 
constructional  mind.  No  man  can  be  an  architect  who  is  not  a  con- 
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structor.  The  dressmakers  and  tailors  are  not  makers  of  men,  but 
merely  the  decorators  or  deformers.  A  great  deal  of  our  present 
work  is  from  the  hands  of  the  architectural  tailors  and  dressmakers. 

The  designer  who  has  to  lean  on  the  constructions  of  the  past,  and 
study  their  forms  in  order  to  reproduce  them,  without  studying  the 
principles  which  underlie  them,  is  like  a  child  learning  to  copy  the 
letters  of  the  alphabet  without  understanding  that  the  letters  stand  for 


Fig.  4. 

sounds  and  that  certain  combinations  of  sounds  stand  for  words,  and 
that  words  are  the  exponents  of  ideas.  Structural  engineering  is  a  liv¬ 
ing  science  and  has  developed  because  it  has  followed  principles,  not 
precedents,  it  is  not  hampered  with  the  concrete  examples  of  other 
men’s  work,  but  lives  and  progresses  as  its  principles  become  more 
clearly  defined. 

The  history  of  structural  engineering  is  a  modern  history  practically 
comprised  within  the  last  sixty  years.  When  the  Brooklyn  Bridge  was 
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designed  there  was  no  precedent  for  a  structure  of  such  magnitude;  yet 
the  ability  to  determine  in  advance  the  possible  strains  made  its  con¬ 
struction  possible,  and  the  same  thing  can  be  said  of  the  recently 
planned  and  now  partly  constructed  new  East  River  Bridge.  When 
the  Eiffel  Tower  reared  its  head  one  thousand  feet  in  the  air,  it  followed 
no  precedent,  but  the  strains  in  its  members  were  determined  before 
a  rivet  hole  was  punched. 

The  science  of  engineering  has  been  cumulative,  because  each  practi¬ 
tioner  has  tried  to  discover  or  help  discover  the  underlying  principles  of 
the  work  he  did;  in  many  instances  he  erred,  but  his  errors  were  not 
copied,  and  his  works  sometimes  serve  to  point  a  moral. 

The  hopeful  thing  about  engineering  is  that  no  man  is  a  law-giver  in 
the  sense  that  the  law  is  in  him.  He  may  become  the  medium  through 
which  the  law  is  known,  but  it  is  not  permanently  colored  by  the  per¬ 
sonality  through  which  it  has  passed.  As  soon  as  a  new  law  is  an¬ 
nounced,  it  can  be  proved  or  disproved  by  rational  processes,  and  it 
stands  or  falls  by  the  result  of  the  test.  Engineering  enables  us  to 
throw  a  bridge  across  the  widest  stream,  bore  a  tunnel  through  the 
highest  mountain,  tie  the  ends  of  the  earth  together  with  a  submarine 
cable,  build  an  ocean  liner  and  with  engines  endow  it  with  the  power 
of  motion,  tunnel  the  earth  for  coal,  speed  the  train  across  the  face  of 
the  earth  and  obliterate  distance,  stretch  wires  in  the  air  and  transmit 
power  without  the  local  displacement  of  material,  drive  the  electric  car 
over  the  streets  of  the  city  and  township,  carry  the  voice  and  intelli¬ 
gence  of  man  vast  distances,  without  following  precedent,  because  the 
designs  are  based  on  principles. 

The  present  age  is  a  scientific  age  and  architecture  should  recognize 
it  and  should  quicken  with  the  joyous  impulse  of  fresh  knowledge  and 
realize  that  this  is  a  creative  period  and  that  the  “  new  wine  will  not  go 
into  the  old  bottles.’’  Architecture,  however,  has  been  dead  for  hun¬ 
dreds  of  years,  and  in  despair  the  present  designer  digs  down  deep  into 
the  moldy  past,  and  from  the  lifeless  remains  brings  forth  the  features 
of  former  creations  and  triumphs,  and  attempts  to  build  his  new  struc¬ 
ture  with  these  worn-out  and  now  unmeaning  symbols. 

1  he  naturalist  can,  by  taking  the  bones  of  an  extinct  animal,  recon¬ 
struct  its  exterior  form,  because  each  part  had  a  function;  but  if  the 
architectural  composition  of  some  of  our  buildings  were  ever  separated 
into  its  parts,  how  many  of  us  would  be  able  to  reassemble  them  in  their 
previous  form  ?  For  instance,  the  present  dentile,  the  modillion  or 
bracket,  the  pediment,  etc.,  in  modern  architecture  have  no  meaning 
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beyond  mere  decoration,  and  their  present  use  expresses  no  thought, 
and  is  therefore  a  form  without  a  function.  The  old  saying  that  “  good 
wine  needs  no  bush”  cannot  be  applied  to  architectural  details  as  a 
simile. 

Construction  is  the  form  on  which  architecture  is  molded,  but  the 
architecture  is  in  most  instances  the  secondary,  not  the  primary,  form. 
The  construction  in  these  instances  should  not  be  designed  with  the 
architectural  precedent  only  in  mind,  but  the  architecture  should 
cover  the  construction  after  the  best  constructional  form  has  been 
attained,  and  give  outward  expression  to  the  facts  within. 

It  may  as  well  be  recognized  that  the  reason  for  the  unsatisfactory 
condition  of  architecture  to-day  arises  principally  from  the  hasty  edu¬ 
cation  of  both  architects  and  structural  engineers.  The  architectural 
schools  in  this  country  seldom  teach  construction  as  a  fundamental 
basis  of  architectural  design,  but  teach  design  from  the  “historic 
styles” ;  or  in  brief,  architecture  is  regarded  bv  the  schools  as  finished, 
and  that  it  can  only  be  studied  from  the  records  of  the  past.  The 
engineering  schools,  on  the  other  hand,  never  teach  architecture;  con¬ 
sequently  engineering  works  of  small  size  or  great  magnitude  frequently 
lack  the  proper  arrangement  of  mass,  the  grace  of  detail,  and  the  spirit 
of  repose  which  make  the  architectural  monuments  of  the  past  a  de¬ 
light  to  the  eye  and  a  never-ending  source  of  enjoyment  to  the  ob¬ 
server. 

The  high  building  has  a  function  to  express  and  this  function  is  an 
honest  one.  Mr.  Sullivan  has  recognized  it  and  has  given  us  his  inter¬ 
pretation  of  it.  In  this  modern  architecture  steel  columns  are  not 
masonry  piers,  though  they  are  covered  with  masonry.  Iron  beams 
and  girders  do  not  masquerade  as  arches  or  monolithic  stone  lintels, 
but  make  their  function  evident  by  their  form.  No  unmeaning  dentile, 
bracket,  or  arch  dissimulates  the  direct  lines  of  support;  the  con¬ 
tinuity  of  the  column  is  not  denied,  nor  is  the  beam  refused  expression. 
Let  me  quote  Mr.  Sullivan’s  own  words  on  high  building  design :  * 

“What  is  the  chief  characteristic  of  the  tall  office  building?  And  at 
once  we  answer,  it  is  lofty.  This  loftiness  is  to  the  artist-nature  its 
thrilling  aspect.  It  is  the  very  open-organ  tone  in  its  appeal.  It  must 
be  in  turn  the  dominant  chord  in  his  expression  of  it,  the  true  excitant 
of  his  imagination.  It  must  be  tall,  every  inch  of  it  tall.  The  force 


*  “  The  Tall  Building  Artistically  Considered, ”  by  Louis  H.  Sullivan.  “  I.ip- 
pincott’s  Magazine,”  March.  1S9G. 
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and  power  ol  altitude  must  be  in  it;  the  glory  and  pride  of  exaltation 
must  be  in  it.  It  must  be  every  inch  a  proud,  soaring  thing  rising  in 
sheer  exultation,  t hat  from  bottom  to  top  it  is  a  unit  without  a  single 


Fig.  5. 


dissenting  line;  that  it  is  the  new,  the  unexpected,  the  eloquent  per- 
oiation  of  most  bald,  most  sinister,  most  forbidding  conditions. 

I  he  man  v  ho  designs  in  this  spirit  and  with  this  sense  of  responsi- 
bilit}  to  the  generation  he  lives  in  must  be  no  coward,  no  denier,  no 
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bookworm,  no  dilettante.  He  must  live  of  his  lite  and  lor  his  lite,  in 
the  fullest,  most  consummate  sense.  He  must  realize  at  once,  and  wit  h 
the  grasp  of  inspiration,  that  the  problem  of  the  tall  office  building  is 
one  of  the  most  stupendous,  one  of  the  most  magnificent  opportunities 
that  the  Lord  of  Nature  in  His  beneficence  has  ever  offered  to  the  proud 
spirit  of  man. 

“That  this  has  not  been  perceived — indeed,  has  been  flatly  denied 
is  an  exhibition  of  human  perversity  that  must  give  us  pause.” 

The  Condict  Building,  Bleecker  Street,  New  T  ork,  designed  by  Louis 
H.  Sullivan  and  Lyndon  P.  Smith,  associated  architects,  is  shown  in 
figure  5. 

Constructionally  the  high  building  is  a  most  interesting  problem,  the 
solution  of  which  is  arrived  at  by  a  series  of  compromises,  and  any  one 
charged  with  the  responsibility  of  designing  them  should  understand 
what  these  compromises  involve  from  an  architectural  and  utilitarian 
point  of  view.  When  one  or  the  other  is  ruthlessly  sacrificed  without 
consideration,  the  best  results  cannot  follow;  but  with  a  proper  appre¬ 
ciation  of  the  value  of  the  two,  an  architectural  and  structural  solution 
can  be  found  which  does  justice  to  both. 

After  the  requirements  of  the  proposition  have  been  determined  on  in 
a  general  way,  the  most  important  thing  to  do  is  to  rough  out  a  plan  and 
fill  in  the  main  lines  of  construction,  for  if  this  is  done  it  is  surprising 
how  easily  the  rational  development  of  the  scheme  will  follow.  It  is 
well,  in  beginning  this  method,  to  have  more  than  one  plan,  and  none 
of  them  at  this  time  should  be  determined  plans.  The  purposes  ot  the 
building  and  the  general  or  specific  uses  to  which  it  is  to  be  put  should 
have  been  carefully  studied  out,  and  the  designer  should  have  fixed  in 
his  mind  the  limitations  of  the  problem,  or  have  found  out  the  things 
which  cannot  be  done.  When  the  limits  have  been  defined,  as  many 
solutions  within  the  limits  should  be  worked  out  as  can  be  thought  ot, 
which  seem  to  embody  either  wholly  or  in  part  the  object  to  be  attained. 
After  these  thoughts  are  presented  in  the  best  manner,  they  should 
be  reviewed,  and  all  those  rejected  which  have  failed  to  meet  the  test  in 
the  most  practical  manner.  This  method  will  discard  all  schemes  but 
those  in  which  the  relative  merits  are  either  obvious  or  debatable. 
This  process  of  selection,  or  the  “survival  of  the  fittest,”  is  sometimes  a 
long  one,  involving  considerable  labor  and  research;  but  this  time  is 
well  spent,  as  it  has  the  very  great  advantage  of  steadying  the  judg¬ 
ment  and  permitting  subsequent  work  to  be  done  with  confidence,  and 
with  the  assurance  of  achieving  a  result  which  can  be  defended  irom 
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attack,  because  the  debatable  ground  has  already  been  gone  over  and 
a  decision  reached  in  full  view  of  all  the  facts  entering  into  the  problem. 

In  this  design  of  a  high  office  building  the  whole  mass  is  treated  as 
a  unit,  the  facade  is  not  broken  up  into  pavilions  by  unmeaning  vertical 
divisions,  nor  into  two  or  more  apparent  buildings  superimposed  one 
on  the  other  by  unmeaning  horizontal  divisions.  Figure  6  shows  a 
design  for  an  office  building  by  Lindley  Johnson  and  Wm.  Copeland 
Furber,  associated  architects. 

In  designing  the  floor  plan  of  a  high  office  building  some  general  prop¬ 
ositions  can  be  laid  down  for  guidance: 

1.  Natural  light  is  better  than  artificial  light. 

2.  Natural  ventilation  is  more  practical  than  forced  ventilation. 

From  these  propositions  it  follows  that  the  plan  should  be  arranged 

to  meet  them  in  the  fullest  degree,  and  at  this  point  the  determination 
of  the  relative  areas  of  light  wells  and  available  floor  areas  will  have  to 
be  considered.  In  an  office  building,  available  floor  area  is  the  pro¬ 
ducer  of  revenue;  therefore  this  should  be  the  largest  proportion  of  the 
area  of  the  lot  attainable  after  provision  has  been  made  for  natural 
light  and  corridor  and  hallway  space. 

To  obtain  the  best  relative  proportions  of  the  various  items  making 
up  the  total  lot  area,  it  is  necessary  to  lay  out  many  plans  and  from 
these  to  select  the  best  proportions.  In  a  building  exposed  on  three 
outer  sides  with  a  U-shaped  plan,  about  65  per  cent,  of  the  lot  area  is 
the  maximum  available  office  space  that  can  be  obtained. 

1  he  areas  of  light  wells  will  be  determined  by  the  particular  expos¬ 
ure  to  the  points  of  the  compass  and  by  the  height  of  the  building,  for 
the  higher  the  building,  the  greater  should  be  the  width  and  area  of  the 
light  wells,  as  the  angle  of  light  will  be  decreased  in  proportion  to  the 
height.  From  the  width  of  the  streets  and  the  width  of  the  light  wells 
and  the  limiting  angle  of  light  an  equation  can  be  deduced,  by  which 
the  extreme  height  of  the  building  can  be  determined  in  terms  of  these 
factors. 

When  the  light  well  areas  have  been  determined,  the  corridors  and 
elevator  areas  should  be  determined  in  terms  of  the  net  office  areas. 

1  he  corridor  area  is  determined  by  the  width  only,  and  this  width  will 
vary  according  to  the  importance  of  the  rooms  served  by  it  and  by  its 
length. 

1  he  square  feet  of  elevator  space  can  be  determined  in  terms  of  the 
square  feet  of  net  office  space  and  the  number  of  trips  per  hour  of 
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Fig.  6. 
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car.  Mr.  Darrach*  has  recently  deduced  the  following  empirical 
formula: 

_A 

a  ~~  T  X  22 

in  which 

a  =  square  feet  of  car  area ; 

.4  =  square  feet  of  office  area; 

T  =  total  trips  per  hour; 

or  the  area  of  the  elevators  multiplied  by  the  trips  per  hour  equals  the 
area  of  the  office  space,  divided  by  22,  which  gives  results  which  compare 
favorably  with  the  best  installation  in  existing  buildings.  This  formula 
could  not  be  applied  to  hotels  or  apartment  houses  unless  the  constant 
were  greatly  increased. 

The  stairways  in  high  buildings,  having  but  an  emergency  function, 
are  properly  subordinated  to  the  elevator  areas,  and  can  be  placed  in 
internal  corners  if  convenient  of  access. 

In  any  arrangement  of  the  floor  plan  of  an  office  building  the  lines  of 
main  support  should  be  placed  so  as  to  permit  convenient  sizes  for 
offices.  The  window  openings  are  dependent  on  the  column  centers, 
and  the  arrangement  of  offices  in  turn  is  dependent  upon  the  windows. 
It  follows,  then,  that  the  units  or  sub-units  into  which  an  office  can  be 
divided  will  depend  upon  the  arrangement  of  the  windows  in  singles, 
pairs,  or  other  multiple  numbers,  and  this  arrangement  will  depend 
entirely  upon  the  architectural  treatment  adopted. 

If  some  of  the  “historic  styles”  are  followed  out  in  the  exterior  de¬ 
sign  of  the  building,  it  may  happen  that  the  light  and  convenience  of 
some  of  the  offices  will  be  sacrificed  to  the  characteristics  of  the  style 
used,  which  is  of  course  indefensible  because  the  primary  purpose  of  the 
building  is  to  obtain  rentable  office  space  and  not  to  display  an  archi¬ 
tectural  style. 

In  apartment  house  and  hotel  design  the  arrangement  of  the  floor 
plans  will  depend  very  much  on  the  appointments  and  facilities  pro¬ 
vided  for  the  guests.  A  hotel  building  with  every  front  room  pro¬ 
vided  with  a  bath  will  affect  the  fagade  or  elevation,  if  the  building  is  to 
be  in  Philadelphia.  In  New  York  bathrooms  are  not  required  to  open 
on  the  external  walls  of  the  building,  but  can  open  on  an  internal  air 
shaft,  and  therefore  do  not  show  in  the  fagade. 


*“  Proceedings  of  the  American  Society  of  Civil  Engineers,”  August,  1901, 
vol.  xxvii,  p.  261. 
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Figure  7  shows  a  design  for  a  fireproof  apartment  house  by  Wm. 
Copeland  Furber,  architect. 

If  the  rooms  are  arranged  en  suite  or  into  apartments,  with  a  bath  to 
every  three  or  four  rooms,  the  plan  and  elevation  are  much  simpler. 

Apartment  houses  and  hotels,  as  well  as  office  buildings,  should  be 
fireproof,  and  this  proposition  leads  to  an  examination  of  the  present 
method  of  fireproofing. 


Fireproofing. 

Most  of  the  office  buildings  have  been  built  according  to  the  prevail¬ 
ing  method  of  fireproofing,  but  in  this  city,  in  the  last  few  years,  several 
apartment  houses  of  considerable  height  have  been  built  with  wooden 
internal  construction.  In  most  other  large  cities,  legislation  on  the 
matter  of  fireproofing  certain  classes  of  buildings  has  already  been  en¬ 
acted.  The  new  building  code  of  New  York  provides  “that  any  hotel, 
lodging-house,  school,  theater,  jail,  police  station,  or  institution  for  the 
care  or  treatment  of  persons,  hospital  or  asylum,  which  exceeds  35  feet 
in  height  shall  be  of  fireproof  construction,  and  any  other  building 
which  exceeds  75  feet  in  height  shall  be  similarly  constructed. ”  St. 
Louis  has  a  somewhat  similar  restriction  regarding  the  height  of  com¬ 
bustible  buildings,  and  it  will  be  but  a  matter  of  time  when  enlightened 
public  opinion  will  compel  the  adoption  of  stringent  regulations  for¬ 
bidding  the  erection  of  combustible  buildings  in  important  business, 
manufacturing,  or  residence  sections  of  all  cities,  and  also  for  all  build¬ 
ings  where  loss  of  life  or  damage  to  neighboring  property  could  occur. 

The  great  loss  of  life  in  the  fire  at  the  Hotel  Windsor  in  New  York 
City  and  the  more  recent  destruction  of  the  beautiful  Hotel  Jefferson  at 
Richmond,  Va.,  should  insure  immediate  restraint  being  placed  upon 
the  building  of  combustible  hotels  or  apartment  houses  in  this  city. 

The  responsibility  of  subjecting  a  beautiful  and  costly  building  to  the 
possibility  of  destruction  by  fire,  by  reason  of  its  inflammable  construc¬ 
tion,  is  one  that  should  not  be  lightly  assumed  by  any  designer,  for  it  is 
the  most  inexcusable  folly  to  lavish  2,-reat  sums  of  money  on  the  archi- 
tectural  treatment  and  artistic  embellishment  of  a  building  which  may 
dissolve  into  smoke  at  the  least  expected  moment. 

If  all  buildings  were  constructed  in  a  better  manner,  and  if  all  de¬ 
signers  of  buildings  v  ere  intelligent  and  conscientious,  and  actuated  by 
true  public  policy,  and  if  far-sighted  owners  of  real  estate  were  educated 
up  to  the  facts,  then  those  people  who  now  for  their  own  temporary 
gain  erect  dangerous  and  inflammable  buildings  would  be  compelled  by 
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laws,  passed  in  obedience  to  an  enlightened  public  opinion,  to  erect 
non-combustible  buildings,  and  the  money  which  is  now  annually 
spent  in  repairing  preventable  losses  could  be  applied  to  bettor  uses.* 

The  experiments  by  James  E.  Howard,  “Iron  Age,”  April  10,  1890 
(“Kent’s  Engineers’  Pocket-book,”  page  382),  indicate  that  steel  lias  its 
maximum  strength  at  about  400°  F.  These  experiments  are  also  con¬ 
firmed  by  other  experiments  of  a  similar  character,  f  Howard’s  experi¬ 
ments  show  that  the  strength  is  affected  also  by  hardness  of  the  steel, 
the  hard  steel  having  a  higher  resistance  than  the  soft  steel;  thus  he 
found  that  0.10  per  cent,  carbon  steel  had  a  strength  of  20,000  pounds 
per  square  inch  at  1000°  F.,  and  0.60  to  1.00  per  cent,  carbon  steel  had 
the  same  strength  at  1600°  F.  These  facts  teach  us  that  in  order  to 
preserve  the  integrity  of  the  structure  the  temperature  of  the  frame¬ 
work  should  not  be  allowed  to  greatly  exceed  400°  F. 

In  order  to  protect  structural  metal  from  the  accidental  application 
of  great  heat  it  is  necessary,  of  course,  to  cover  it  with  some  non-con¬ 
ducting  covering;  the  covering  must  not  only  be  a  poor  conductor  of 
heat,  but  be  capable  of  resisting  disintegration  when  its  temperature  is 
rapidly  changed,  as  from  a  red  heat  to  the  temperature  of  a  stream  of 
water. 

The  manufacturers  of  fire-clay  semi-porous  terra-cotta  have  suc¬ 
ceeded  in  producing  a  material  which  fulfils  these  conditions  to  a  re¬ 
markable  degree.  This  production  is  known  as  semi-porous  terra¬ 
cotta.  Semi-porous  terra-cotta  made  of  fire-clay  can  be  heated  to 
redness  and  can  then  be  plunged  into  water  without  any  apparent  dis¬ 
integration. 


Fire-clav  is  a  native  combination  of  the  hydrated  silicates  of  alumina, 
mechanically  mixed  with  silica  and  alumina  in  various  subdivisions, 
and  sufficiently  free  from  the  silicates  of  the  alkalies  and  from  iron  and 
lime  to  resist  vitrification  at  high  temperatures.  According  to  the 
authorities,  fire-clay  contains  from  47  to  80  per  cent,  silica  and  from  17 
to  48  per  cent,  alumina.  Fire-clay  is  probably  the  most  durable  sub¬ 
stance  that  can  be  applied  to  the  protection  of  ironwork  from  heat. 

The  knowledge,  however,  of  its  virtues  has  frequently  led  the  archi- 


*The  fire  waste  in  the  United  States  in  the  year  1900  reached  the  amount  of 
$130,028,489,  and  the  losses  paid  out  in  1900  exceeded  the  losses  paid  out  in 
1889  by  $3,000,000. — “  Standard  Fire  Insurance  Tables”  and  “  The  Investigator 
and  Insurance  Chart.” 

t  See  “Journal  of  the  Franklin  Institute,”  cxn,  p.  241,  and  “  Hrickbuilder  ” 
for  July,  1901. 
o 
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tects  and  manufacturers  to  decrease  the  thickness  of  the  covering  of  the 
ironwork  to  such  a  point  that  it  no  longer  answers  its  purpose  in  a 
satisfactory  manner. 

Since  the  substitution  of  ironwork  for  brickwork  in  the  structural 
part  of  a  building,  the  tendency  has  been  to  restrict  the  space  occupied 
to  the  minimum,  and  this  has  resulted  in  begrudging  every  inch  re¬ 
quired  for  fireproof  covering;  and,  as  a  consequence,  in  such  cases  the 
fireproofing  is  no  longer  of  sufficient  thickness  to  fully  insure  that  the 
ironwork  will  be  properly  protected  in  the  event  of  great  heat.  The 
skeleton  building  has  reduced  the  area  of  piers  and  columns  to  such  a 
small  part  of  the  area  formerly  required,  that  the  other  extreme  has 
been  reached  in  making  the  sections  of  the  minimum  dimensions  with 
the  least  possible  allowance  for  thickness  of  fireproof  covering,  and  as  a 
result  of  this,  at  least  some  of  the  so-called  fireproofing  is  a  mere  pre¬ 
tense;  for  while  it  is  true  that  the  covering  is  fireproof  in  the  sense  that 
it  is  non-combustible  and  almost  indestructible  itself  under  trying  con¬ 
ditions,  yet  it  is  not  thick  enough  to  afford  insulation  to  the  metal 
within,  to  preserve  it,  and  the  term  “  fireproof”  has  become  therefore  a 
misnomer  In  those  instances  where  buildings  have  been  subjected  to 
severe  tests  and  failures  have  resulted,  the  unthinking  critic  has  con¬ 
demned  the  system  of  fireproofing,  whereas  the  method  only  was  at  fault. 
This  necessity  for  dead  air-space  cells  makes  it  more  difficult  to  insulate 
the  structural  work  by  preventing  any  considerable  conduction  of  heat 
from  the  point  of  application.  A  glass  lamp  chimney  is  kept  below  the 
melting-point  of  glass  because  the  heat  of  the  flame  is  rapidly  carried 
away  by  the  upward  current  of  air  and  by  radiation,  while  if  the  heat 
were  stored  in  it  it  would  soon  reach  its  melting-point.  The  column 
and  beam,  not  being  able  to  give  up  their  heat  by  conduction  and  radia¬ 
tion,  store  it  up  and  are  therefore  placed  in  an  unfavorable  position 
compared  with  the  lamp  chimney.  The  dead  air-space  cells,  however, 
play  a  very  important  part  in  fireproofing  and  are  highly  effective  in  the 
non-conduction  of  heat.  Some  authorities  give  the  thermal  conduc¬ 
tivity  of  air  as  one  thirty-five  hundredth  part  of  that  of  iron.  The  data 
relating  to  these  matters,  however,  are  not  complete,  nor  are  those 
which  are  in  existence  in  a  very  satisfactorv  shape.  The  value  of  dead 
air  spaces,  however,  is  very  great,  and  the  use  of  air  cells  in  terra-cotta 
fireproofing  is  essential.  Fire-clay  with  air  cells  has  many  times  the 
efficiency  of  the  solid  material.  It  is  therefore  evident  why  they  should 
be  employed  in  making  fireproof  coverings. 

The  value  of  air  cells  as  non-conductors  of  heat  is  shown  very  clearlv 


10 


Furber — Design  and  Construction  of  High  Buildings. 

in  the  illustrations  taken  from  the  catalogue  of  a  prominent  manufac¬ 
turer,  and  will  bear  study  by  designers  and  manufacturers.  Volumes 
might  be  written  as  to  the  behaviorof  fireproofing  under  tests, but  these 
illustrations  contain  more  practical  information  than  pages  of  general 
description,  of  how  a  particular  accident  occurred,  and  why  one  place 
failed  when  another  did  not. 

These  experiments  show  that  after  a  test  of  twenty-five  hours,  with  a 
final  temperature  of  2150°  on  the  outside  of  the  floor  tile,  a  temperature 
of  1560°  was  found  in  the  first  cell  adjoining  the  outside  1  inch  of  terra¬ 
cotta  wall,  and  while  twenty-five  hours  is  a  very  severe  test  (for  if  time 
enough  be  given  the  whole  mass  would  attain  the  same  temperature), 


Bottom  2/50° 


3 et  the  reduction  of  heat  is  not  sufficient  to  have  maintained  the  full 
strength  of  the  beam. 

Figure  8  shows  present  type  of  standard  floor  tile,  which  gives 
little  piotection  to  the  lower  flange  of  the  beam,  temperature  of  which 
is  over  1560°. 

The  temperature  in  the  first  air  cell  is  1560°  F.  If  this  temperature 
is  obtained  here,  it  is  evident  that  the  lower  flange  of  the  I-beam,  which 
has  not  as  much  protection,  is  considerably  hotter,  and  as  the  tempera¬ 
ture  of  the  iron  should  not  be  allowed  to  greatly  exceed  400°.  it  is  evi¬ 
dent  that  this  beam  has  lost  a  great  part  of  its  strength.  The  second 
cell  shows  a  Aer\  much  greater  reduction  in  the  temperature,  and  the 
top  of  the  block  shows  a  comparatively  low  temperature  of  125°.  The 
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great  capacity  of  the  iron  beam  to  absorb  and  transmit  heat  is  shown 
in  the  temperature  of  the  top  flange  of  the  beam,  which  is  much  greater 
than  that  of  the  terra-cotta.  While  this  experiment  was  evidently 
made  without  scientific  precision,  yet  it  answers  the  purpose  in  an  ad¬ 
mirable  way  as  illustrating  the  progress  heat  makes  in  going  through 
the  floor. 

The  cellular  construction  used  in  the  body  of  the  ordinary  floor  tile 
is  wholly  omitted  about  the  flanges,  and  this  is  shown  to  be  a  mistake. 
The  reason  it  is  omitted  is  because  it  would  make  the  floor  thicker  than 
usual,  and  this  means  that  the  building  must  be  made  higher,  because 
the  floor  thickness  would  be  increased  if  the  flat  ceiling  is  to  be  main¬ 
tained. 

The  protection  the  beam  should  have  is  of  course  determined  by  the 
maximum  temperature  to  which  it  is  likely  to  be  exposed;  but  in  con¬ 
flagrations  temperatures  of  2500°  F.  are  easily  obtained.  S.  Albert 
Heed  (“Franklin  Institute  Journal,”  November,  1896)  estimated  that 
the  temperature  of  a  fire  at  a  lard  refinery  at  Fifty-ninth  Street  and 
Eleventh  Avenue,  New  York,*  was  5000°. 

The  tests  by  the  Committee  of  Fire  Insurance  Underwriters,  Archi¬ 
tectural  League,  and  the  American  Society  of  Mechanical  Engineers  in 
1896  were  made  on  the  following  basis: 

2500°  for  six  hours  representing  a  conflagration; 

1200°  for  one  hour  representing  a  mild  external  fire; 

700°  for  one-half  hour  representing  a  mild  condition  such  as 
would  occur  in  an  office  building  or  dwelling. 

The  building, to  be  effectually  fireproof,  should  be  capable  of  resisting 
the  probable  maximum  temperature;  and  assuming  that  to  be  2500°, 
the  ordinary  covering  is  not  sufficient. 

It  is  cpiite  possible  to  cover  metal-work  in  buildings  so  that  the  appli¬ 
cation  of  great  heat  for  a  short  time  shall  not  injure  it,  but  in  order  to 
insure  this,  the  covering  must  be  thick  enough. 

The  fire-brick  lining  of  steel-melting  furnaces  is  about  12 j  inches  in 
thickness;  the  temperature  of  melting  steel  is  about  2900°,  or  12^ 
inches  of  fire-brick  are  required  to  insulate  2900°  of  heat.  This  thick¬ 
ness  of  lining  insures  that  the  hot  steel  shall  not  be  chilled  from  the 
outer  air,  and  also  that  the  iron  covering  of  a  Bessemer  converter  shall 
not  be  reduced  enough  in  strength  to  prevent  it  answering  as  a  construc¬ 
tional  envelop.  This  practical  example  gives  us  some  basis  for  arriving 
at  the  thickness  of  covering  necessary  to  protect  the  structural  parts  of 
a  building. 
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The  conditions  of  exposure,  however,  are  greatly  in  favor  of  the  steel 
converter  or  the  open-hearth  furnace,  in  the  respect  that,  in  these  in¬ 
stances,  the  heat  is  conducted  or  radiated  away  from  the  outer  walls 
into  large  volumes  of  air  of  ordinary  temperature,  which  keep-  their 
surfaces  at  a  temperature  corresponding  to  the  capacity  of  the  sur¬ 
rounding  air  to  absorb  it  ;  while  with  a  beam  or  column  in  a  building 
little  or  no  opportunity  can  be  afforded  to  conduct  the  heat  away 
because  the  air  spaces  must  be  “dead” — that  is,  they  must  not  be  con¬ 
tinuous,  in  order  that  under  no  conditions  could  they  act  as  flues  to 
conduct  heat  and  fire  along  their  length,  and  thereby  defeat  their  pur¬ 
pose  as  a  protective  covering. 

In  most  buildings  a  covering  of  1  inch  of  porous  terra-cotta  is  all  that 
protects  the  lower  flanges  of  the  I-beam;  the  girders  usually  have  a 
trifle  more,  or  a  total  thickness  of  14  to  2  inches  of  covering. 

The  experiments  of  Howard  and  others  show  that  steel-work,  to 
preserve  its  integrity,  should  not  be  allowed  to  attain  a  temperature  ex¬ 
ceeding  400°;  1  to  2  inches  of  terra-cotta  cannot  prevent  this. 

It  is  probably  true  that  manufacturers  are  not  wholly  responsible  for 
the  thinness  of  their  covering,  but  are  compelled  to  follow  the  footsteps 
of  the  original  designers,  because  architects  have  been  accustomed  to 
the  previous  shapes  and  forms  and  will  not  make  any  changes  in  the 
direction  of  increased  thickness;  and  if  this  is  true,  the  responsibility 
for  the  present  insufficient  methods  must  rest  upon  the  architects. 
Manufacturers  cannot  be  expected  to  make  things  they  cannot  sell,  and 
if  the  thin  coverings  are  the  only  kind  they  can  dispose  of,  then  they  are 
in  a  commercial  sense  blameless;  nevertheless,  a  moral  responsibilitv 
rests  upon  them  to  prove  to  their  patrons  the  necessity  for  a  greater 
thickness  of  covering  to  insure  the  result  striven  for. 

The  method  proposed  for  protecting  the  lower  flanges  of  the  floor 
beams,  without  increasing  the  thickness  of  the  floors,  is  illustrated  in 
figure  9.  This  method  permits  the  division  of  the  ceilings  into  panels, 
affording  opportunities  for  decoration. 

Xo  system  of  fireproofing  can  be  considered  complete  unless  the 
exterior  as  well  as  the  interior  is  protected  by  an  automatic  steam  un¬ 
derwriters’  fire  pump.  The  exterior  should  have  distributing  pipes 
pierced  with  holes,  running  horizontally  around  the  building  at  inter¬ 
vals  of  several  stories,  connected  with  the  main  supply  pipes  to  permit 
a  sheet  or  curtain  of  water  to  be  distributed  over  the  face  of  any  ex¬ 
posed  side,  to  protect  it  from  any  adjacent  fire.  The  interior  should 
be  protected  by  the  usual  inside  stand  pipes,  with  hose  and  reel  on 
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every  floor.  The  source  of  water  from  which  the  fire  pumps  derive 
their  supply  should  be  separate,  if  possible,  from  the  source  which  sup¬ 
plies  the  engines  of  the  fire  department. 


Rust  Protection. 


In  most  of  the  recent  high  buildings  little  or  no  attention  has  been 
paid  to  rustproofing  the  steel  skeleton,  and  this  is  probably  because  it  is 
covered  up  and  out  of  sight.  “Out  of  sight,  out  of  mind”  has  a  perti¬ 
nent  application  here.  Mortar  and  plaster,  like  the  broad  mantle  of 
charity,  cover  a  multitude  of  sins,  but  without  the  redeeming  grace  which 
that  virtue  exercises  on  the  things  it  covers.  The  architectural  de¬ 
signers  of  these  buildings  have  been  so  long  accustomed  to  use  masonry, 
and  to  regard  it  as  indestructible,  that  they  have  considered  the  metal¬ 
lic  framework  in  the  same  way,  because  it  is  covered  up  in  masonry. 

If  protection  against  rust  is  neglected  or  is  inadequately  guarded 
against,  this  unobtrusive  insinuating  factor  will  silently,  but  effec¬ 
tively,  disintegrate  the  structure  of  the  metal  until  it  is  no  longer  of 
sufficient  area  to  resist  the  strain  upon  it. 

Rustproofing  a  structure,  however,  is  a  very  simple  matter.  Rust  in 
iron  or  steel  is  due  to  three  factors  working  together — namely,  water, 
an  acid,  and  oxygen.  These  three  must  work  together  to  produce  it. 
The  steel-work  in  a  building  is  liable  to  corrode  through  the  presence 
of  water,  which  is  probably  sufficiently  charged  with  an  acid  and  suffi¬ 
cient  oxygen  to  furnish  all  the  properties  required  to  begin  the  work  of 
disintegration  at  once. 


Fortunately,  we  have  a  material  which  possesses  many  useful  quali¬ 
ties  and  at  the  same  time  the  very  valuable  property  of  rendering  harm¬ 
less  any  water  which  may  reach  the  steel-work. 

In  the  foundations  of  buildings  which  are  below  the  water-line  or 
near  enough  to  it  to  be  wet  by  capillary  attraction  we  cannot  hope  to 
keep  the  steel- work  dry,  but  by  neutralizing  any  acid  that  may  be  pres¬ 
ent  in  the  water,  we  .can  insure  against  corrosion. 

Portland  cement,  being  a  product  of  lime,  furnishes  an  admirable 
base  for  anv  acid  that  may  be  found  in  the  water  under  ordinarv  con- 
ditions,  and  therefore  any  water  which  might  find  its  wav  through  the 
cement  cannot  produce  rust,  because  only  one  of  the  combination 
which  can  produce  it  is  present.  It  is  therefore  highly  important  that, 
with  one  of  the  factors  present,  the  others  be  kept  out,  and  this  de¬ 
mands  that  the  concrete  should  be  in  close  contact  with  the  metal  at 
all  points,  for  with  the  two  excluded  members  of  this  trio  seeking  to  get 
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in,  through  any  fault  or  crack  in  the  concrete,  to  their  isolated  co¬ 
worker,  it  becomes  absolutely  necessary  to  guard  against  such  defects 
in  the  concrete  envelop  as  would  permit  their  entrance.  The  concrete, 
therefore,  should  be  in  the  closest  contact  with  the  metal,  and  for  this 
to  be  possible  the  metal  must  be  clean — that  is,  free  from  mill  scale  and 
rust  and  not  painted.  In  order,  however,  to  prevent  it  from  accidental 
corrosion,  before  it  leaves  the  shop  it  should  be  coated  with  one  coat  of 
raw  linseed  oil ;  this  coat  of  oil  is  usually  worn  off  when  the  time  comes 
to  cover  it,  and  does  not  prevent  close  adherence  of  the  concrete.  In 
time  to  come,  I  think,  specifications  will  require  that  all  metal-work 
shall  have  its  surface  cleaned  with  the  sand  blast,  so  that  the  covering 
can  be  applied  directly  to  the  metal,  and  not  to  the  scale  or  skin  which 
ordinarily  covers  the  metal  when  it  is  received  from  the  rolling  mills. 

After  the  surface  of  the  metal-work  is  clean,  it  is  best,  if  possible,  to 
cover  its  surface  with  a  simple  mixture  of  Portland  cement  and  sand; 
but  as  this  is  not  always  practicable,  a  close  contact  can  be  assured  by 
using  a  concrete  made  with  a  liberal  proportion  of  mortar,  and  the 
aggregate,  or  filler,  in  small  pieces,  ranging  in  size  from  particles  as  large 
as  a  pea  to  that  which  will  just  pass  through  a  f-inch  ring.  If  the 
material  forming  the  aggregate  is  larger  than  this,  it  is  apt  to  bridge 
over  voids  and  prevent  the  ramming  of  the  concrete  into  a  solid  homo¬ 
geneous  mass. 

Above  the  foundation  construction,  the  next  most  vulnerable  points 
are  the  external  columns  and  girders.  Rain  and  moisture  can  readily 
find  their  way  through  stone  and  brick  walls,  and  if  the  metal  is  not  cov¬ 
ered  with  anything  more  than  paint,  which  the  mortar  in  the  masonry 
will  readily  destroy,  it  is  not  a  great  while  before  corrosion  begins. 
A  concrete  envelop  should  therefore  be  placed  around  all  external 
columns  and  girders,  and  this  is  best  secured  in  places  by  a  fabric  of 
wire  netting  of  close  mesh,  which  should  have  its  edges  bound  together 
where  they  join.  Around  this  netting  should  be  placed  the  temporary 
boxing  which  is  removed  after  the  material  has  hardened. 

The  stability  of  the  structure  is  wholly  dependent  upon  the  integrity 
of  the  ironwork,  and  ordinary  prudence  dictates  that  nothing  which 
can  be  done  within  reason  to  insure  this  integrity  should  be  left  undone. 
The  wealth  of  marbles,  mosaics,  wrought  metals,  rigid  and  plastic  orna¬ 
ments,  and  the  elaborate  cabinetwork  are  liable  to  be  sacrificed  if  any 
precaution  has  been  neglected  to  keep  the  structure  safe  from  the  dis¬ 
torting  and  destroying  effects  of  fire  and  the  insidious  work  of  corro¬ 
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The  investment  of  large  sums  of  money  in  monumental  buildings 
cannot  be  considered  wise  or  in  line  with  true  public  policy  unless  the 
buildings  are  permanent,  and  they  cannot  be  considered  permanent 
unless  they  are  fireproof  and  rustproof. 

Wind  Bracing. 

The  masonry  building,  because  of  its  great  weight  and  modest 
height,  was  usually  able  to  resist  all  the  pressure  of  the  wind  it  was 
likely  to  receive;  but  when  the  iron  building,  with  its  towering  height 
and  comparatively  small  area,  began  to  dominate  the  landscape,  the 
problem  of  wind  pressures  could  no  longer  be  safely  ignored.  It  had 
long  been  the  custom  to  allow  for  wind  pressure  in  the  design  of  roof 
trusses,  etc.,  because  they  were  subject  to  calculation,  while  the  walls 
were  determined  only  by  precedent  or  by  the  architectural  require¬ 
ments. 

The  high  building  is  usually  very  much  exposed  and  subject  to  wind 
from  all  sides,  and  is  therefore  at  the  mercy  of  every  passing  storm,  and 
consequently  needs  to  be  rigidly  anchored  to  its  base  and  stiff  enough 
to  prevent  local  distortion.  The  wind  bracing  transforms  this  hori¬ 
zontal  pressure  of  the  wind  into  a  vertical  strain,  causing  an  uplift  on 
the  windward  side  and  a  downward  pressure  on  the  leeward  side.  The 
foundations  must  be  proportioned  to  resist  these  forces. 

The  usual  way  of  providing  for  wind  pressures  in  buildings  is  by 
inserting  between  the  lines  of  columns,  diagonal  bracing  consisting  of 
two  tension  rods  crossed  in  the  panel  like  the  letter  “X,”  or  by  one 
diagonal  of  rigid  form  proportioned  for  both  tension  and  compression. 
When  these  devices  are  not  permissible  the  portal  may  be  used.  This 
may  be  of  several  forms:  A  stiff  girder  rigidly  attached  to  the  column, 
the  bending  being  taken  up  in  the  column  and  the  girder;  or,  the  simple 
knee  brace;  or,  the  portal,  with  an  arched  opening.  All  these  forms, 
with  the  exception  of  the  diagonal  bracing,  introduce  bending  strains 
into  the  columns  and- girders  which  have  to  be  provided  for. 

The  unit  stresses  for  proportioning  for  wind  are  higher  than  those 
used  for  static  loading  because  of  the  temporary  character  of  the  strain. 
The  combined  stresses,  however,  of  both  wind  and  static  loads  must  be 
well  within  the  elastic  limit  of  the  metal. 

In  arranging  a  building  for  wind-brace  sections,  sometimes  the  floor 
plans  will  permit  a  symmetrical  arrangement  of  the  section  in  which  the 
wind  bracing  is  to  be  put;  frequently,  however,  no  such  desirable  ar¬ 
rangement  is  possible,  and  only  certain  sections  can  be  utilized.  This 
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complicates  matters  somewhat,  blit  careful  study  will  usually  permit  a 
satisfactory  solution  of  the  problem. 

In  some  instances,  due  to  the  great  uplift  on  the  windward  side,  or  to 
the  lightness  of  the  wall  carried  by  the  column,  the  weight  of  an  ad¬ 
joining  column  has  to  be  engaged  to  contribute  to  the  load  on  the  wind- 
brace  column,  which  is  done  by  means  of  a  stiff  diagonal  strut.  This 
condition  is  met  with  only  in  high  and  narrow  buildings,  and  when  only 
certain  sections  are  proportioned  for  the  wind  load. 

Where  each  line  of  columns  in  a  cross-section  through  the  building  is 
not  utilized  as  a  stiff  section,  the  lines  not  so  braced  should  be  attached 
by  means  of  a  floor  system  to  the  stiff- section,  so  that  the  unstiffened 
sections  shall  transfer  their  wind  loads  to  them  at  each  floor  or  every 
other  floor.  This  is  best  done  by  a  system  of  diagonal  rods  below  the 
floor  line  with  turnbuckles  for  tightening  them  up. 

Wind  bracing  in  a  high  building  performs,  during  and  after  erection, 
the  very  practical  office  of  facilitating  erection  by  enabling  the  columns 
to  be  maintained  in  their  correct  vertical  position,  for,  with  the  best 
shopwork,  the  play  of  the  temporary  bolts  in  the  holes  is  sufficient  to 
allow  a  serious  deviation  from  the  vertical  to  occur,  and,  with  the  tem¬ 
porary  bracing  of  wood  struts,  this  can  rarely  be  prevented;  departures 
from  the  vertical  of  2  inches  in  a  length  of  100  feet  can  readily  occur  and 
are  not  noticeable  except  when  compared  with  a  plumb-line.  Wind 
bracing  can  be  made  of  certain  lengths  to  fit  between  the  columns,  and 
requires  that  each  column  shall  be  in  its  proper  place  before  the  brac¬ 
ing  will  fit,  so  that  no  great  error  can  accumulate.  Great  care,  how¬ 
ever,  must  be  used  to  see  that  the  columns  are  vertical  before  the 
riveting  is  done.  The  plumbing  is  usually  done  by  the  means  of  heavy 
iron  weights  attached  to  wire.  The  pliunb-bob  is  first  steadied  in  a 
bucket  of  water. 

The  wind  bracing  also  performs  an  additional  office  of  preventing 
any  movement  of  the  building  after  erection,  which  cracks  the  plaster 
and  eventually  weakens  the  connections. 

In  the  Woman’s  Temple  Building  in  Chicago,  which  is  built  with  cast- 
iron  columns,  and,  I  think,  without  special  wind  bracing  of  any  sort,  the 
movement  of  the  building  is  perceptible  and  is  sufficient  to  cause  pic¬ 
tures  suspended  against  the  walls  to  describe  an  arc  in  oscillating. 

Long  and  Short  Spans  vs.  Spans  of  Uniform  Length. 

It  is  advisable  always  to  make  the  column  spaces  uniform  along  the 
line  of  girders  so  that  the  girders  can  be  of  the  same  depth  and  of 
minimum  section. 
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The  following  example  will  show  the  economy  of  the  uniform  span 
of  girders  compared  with  long  and  short  spans  alternating:  Take, 
for  instance,  a  building  of  three  spans  of  l(j  feet  wide,  the  rows  of 
columns  being  16  feet  on  centers,  the  assumed  gross  floor  load  110 
pounds  per  square  foot;  the  load  on  each  girder,  then,  would  be  16 
feet  X  16  feet  equals  256  square  feet  X  140  pounds  per  square  foot, 
equals  35,840  pounds.  At  a  16,000-pound  fiber  strain,  a  15-inch 
42-pound  I-beam  of  16  feet  span  would  carry  39,270  pounds,  or  more 
than  enough.  But  taking  this  weight,  the  metal  required  for  the 
girders  in  these  three  spans  would  be:  16  feet  X  three  spans  equals  48 
lineal  feet  X  42  pounds  per  foot,  equals  2016  pounds. 

Now,  compare  the  distance  of  48  feet  divided,  say,  into  two  spans  of  20 
feet  each  and  one  span  of  8  feet,  as  might  be  required  under  possible 
circumstances  for  a  corridor,  etc.  The  load  on  the  long  girders  would 
be  20  feet  X  16  feet,  equals  320  square  feet  X  140  pounds  per  squaie 
foot,  equals  44,800  pounds.  A  15-inch  65-pound  beam  will  carry 
45,230  pounds — a  little  more  than  enough.  The  short  span  will  be 
8  feet  X  16  feet,  equals  128  square  feet  X  140  pounds  per  square  foot, 
equals  17,920  pounds.  An  8-inch  17.75-pound  beam  would  carry 
18,960  pounds,  which  is  a  trifle  over  our  needs,  but  it  will  answer.  The 
total  weight  required  would  be:  Two  long  spans  of  20  feet  each — 40 
lineal  feet  X  65  pounds  per  foot,  equals  2600  pounds;  one  short  span 
8  feet  X  17.75  per  foot  equals  142  pounds,  or  a  total  of  27-12  pounds, 
which  is  an  excess  over  the  spans  of  uniform  length  of  726  pounds,  or 
36  per  cent. 


Eccentric  Loading  of  Columns. 

In  designing  a  building  the  equal  spacing  of  the  spans  of  the  girders 
should  be  adhered  to  if  possible.  Sometimes  the  architectural  treat¬ 
ment,  if  decided  upon  in  advance,  does  not  permit  it;  yet  it  can  fre¬ 
quently  be  accomplished  if  the  pros  and  cons  are  rationally  considered. 
If  the  loading  is  equal  on  both  sides  of  the  column  in  either  axis,  then 
the  column  can  be  made  of  a  minimum  section,  for  no  extra  material 
has  to  be  included  to  provide  for  the  strain  caused  bv bending;  but  if 
the  plan  or  the  elevation  does  not  allow  an  equal  spacing  of  the  column, 
then  thesectionai  area  of  the  column  must  be  increased,  or  the  radius  of 
gyration  must  be  increased,  so  that  the  increased  strain  caused  by  ti  e 
bending  of  the  unbalanced  load  does  not  increase  the  strain  from  the 
vertical  loads  beyond  the  unit  strains  allowed. 

An  eccentric  load  will  necessitate  a  material  increase  in  the  sectional 
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area  of  the  column,  depending,  of  course,  upon  the  load  and  the  lever 
arm  through  which  it  acts.  Where  the  columns  are  made  continuous 
or  a  splice  between  the  ends  of  the  abutting  columns  is  made  to  trans¬ 
mit  bending,  the  bending  strains  are  reduced  by  reason  of  the  continu¬ 
ity  of  the  column,  and  the  strain  is  reduced  by  the  force  necessary  to 
make  a  contrary  flexure,  and  a  reduction  is  justifiable  under  ordinary 
conditions.  The  only  condition  such  a  consideration  requires  is  that 
every  alternate  floor  shall  not  be  loaded,  and  the  intervening  floors  be 
empty.  This  condition  is  not  likely  to  occur  at  any  time  in  any  build¬ 
ing,  excepting  a  warehouse,  where  such  a  condition  might  be  easily 
possible. 

Good  design  will  eliminate  many  of  the  evils  of  eccentric  loading.  In 
many  instances  the  wall  beams  can  be  placed  on  the  outer  side  of  the 
column,  balancing,  or  nearly  balancing,  the  interior  floor  girder  load  at 
right  angles. 


Open  vs.  Closed  Column  Section. 

The  practice  in  bridgework  has  always  been  to  require  that  the  mem¬ 
bers  of  the  truss  be  “  open” — that  is,  so  that  they  were  not  of  a  box  or 
tubular  form.  The  open  form  was  required  because  of  the  necessity  of 
frequent  repainting,  and  because  of  this  necessity,  the  most  economic 
disposition  of  the  metal  was  often  sacrificed. 

The  same  requirement  is  now  being  applied  to  buildings,  not  on 
account  of  repainting,  which  can  never  be  done, but  because  the  protec¬ 
tive  covering  can  usually  be  applied  in  a  better  manner,  and  so  that  the 
work  can  be  inspected  while  this  is  being  done. 

The  principal  objection  to  the  closed  section  is  that  it  permits  the 
accumulation  of  chippings,  rivet  heads,  and  debris  of  all  kinds  during 
erection,  and  these,  with  the  water  which  is  likely  to  get  in,  will  produce 
rust.  In  some  instances  the  closed  section  is  the  most  economical  and  is 
the  best  structurally, but  the  liability  to  rust  outweighs  its  advantages. 

In  some  instances,  however,  where  the  loads  are  great  and  the  sjDace 
to  be  occupied  by  the  column  is  limited,  a  closed  section  is  the  only  one 
which  can  be  used.  Where  this  is  the  case,  the  interiors  of  the  columns 
should  be  filled  with  concrete  before  the  section  above  is  put  in  place, 
particularly  if  the  column  is  in  the  outside  Avail.  The  erectors  of  the 
ironwork  will  probably  object  to  this,  because  it  will  delay  their  work, 
but  this  should  not  be  alloAA'ed  to  interfere  with  this  necessary  precau¬ 
tion.  Haste  is  a  good  thing  under  certain  conditions,  but  permanence 
should  not  be  sacrificed  to  haste.  The  specification  requiring  this. 
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however,  should  be  clearly  set  forth,  not  only  under  the  particular 
heading,  but  under  the  ironwork  as  well. 

Inspection. 

The  inspection  of  the  material  at  the  place  of  manufacture  is  gener¬ 
ally  done  by  firms  who  make  a  specialty  of  this  kind  of  work,  which  re¬ 
quires  a  specific  knowledge  of  how  the  materials  are  handled,  and 
preferably  a  familiarity  with  the  particular  shop  at  which  the  material 
is  being  fabricated. 

A  shop  inspector  must  be  a  trained  man  who  knows  good  work  when 
he  sees  it  and  knows  how  to  get  it  done.  The  thoroughness  of  the  work, 
and  frequently  its  accuracy,  depend  upon  the  inspector,  and  it  is  desira¬ 
ble  that  the  responsible  designer  of  the  structure  should  know  the  men 
who  do  the  shop  inspection  work  and  be  assured  of  their  ability  and  con¬ 
scientiousness.  Oftentimes  the  shop  inspection  is  done  in  a  perfunc¬ 
tory  manner  and  is  of  little  or  no  value.  It  therefore  behooves  the 
designer  to  see  that  the  inspectors  are  fit  men. 

Inspection  work  is  usually  paid  for  by  the  ton,  and  in  the  competition 
to  get  business  the  price  per  ton  for  this  work  is  sometimes  made  so  low 
as  to  preclude  the  possibility  of  proper  time  being  given  to  it ;  for  this 
state  of  affairs  the  owner  and  designer  are  usually  to  blame.  As 
shop  inspection  is  largely  a  matter  of  honor,  the  inspector  should  be 
chosen  personally,  if  possible,  and  paid  accordingly. 

Structural  work  should  always  be  inspected  in  the  shop,  for  otherwise 
the  purchaser  is  at  the  mercy  of  the  seller  and  is  exposed  to  the  result  of 
errors  causing  defects  which  sometimes  are  not  apparent  until  the  work 
has  become  so  advanced  that  they  cannot  be  corrected,  if  discovered, 
without  occasioning  great  delay.  The  inspection  of  the  material  after 
it  reaches  the  site  is  best  attended  to  by  the  superintendent  in  charge 
of  the  work,  who  should  be  a  trained  man  familiar  with  shop  practice  as 
well  as  with  the  design  of  the  building. 


Mechanical  Plant. 

The  mechanical  plant  of  the  office  building  is  a  “central  station’'  of 
magnitude.  It  comprises  the  heating,  lighting,  and  motive  power 
equipment  of  the  building,  and  frequently  the  filtering,  heating,  and 
refrigerating  apparatus  for  treating  the  water.  Its  design  should  be  a 
matter  of  careful  study.  Sometimes  it  is  treated  with  scant  considera¬ 
tion  by  the  architect,  who  relegates  the  mechanical  plant  to  such  space 
as  he  imagines  cannot  profitably  be  employed  for  other  purposes. 
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The  operating  part  of  the  mechanical  system  is  usually  placed  in  a 
sub-basement,  and  comprises  the  boiler  plant,  the  pumping  plant,  the 
hydraulic  elevator  plant,  and  the  dynamos  and  storage  battery  plant 
with  all  their  accessories. 

The  main  distributing  pipes  for  water  and  steam,  with  their  valves 
and  fittings,  are  placed  in  the  loft  or  attic  of  the  building. 

The  design  of  the  mechanical  plant  of  a  high  building  should  be  car¬ 
ried  on  at  the  same  time  that  the  architectural  and  structural  plans  of 
the  building  are  being  studied  out.  Very  often  the  mechanical  features 
are  not  considered  until  the  last  moment,  or  until  after  all  the  other 
parts  of  the  scheme  have  been  fixed,  so  that  the  mechanical  installation 
sometimes  suffers  because  of  the  inadequate  facilities  allowed  for  it. 

The  comfort  and  convenience  of  the  tenants  frequently  depend  upon 
the  proper  design  and  operation  of  the  mechanical  plant,  and  as  about 
one-fourth  of  the  usual  operating  expenses  of  the  building,  including 
taxes,  are  spent  on  it,  its  importance  needs  no  argument. 

The  boiler  plant  should  consist  of  “water-tube”  boilers,  because  with 
this  type  of  boiler  disastrous  explosion  is  impossible.  The  explosion  of 
the  fire-tube  type  might  readily  wreck  the  building. 

The  electric  plant  should  be  of  the  required  capacity,  so  divided  into 
units  as  to  permit  the  best  subdivision  of  load  with  the  greatest  possible 
economy.  The  demand  on  the  electric  light  plant  varies  greatly,  and 
the  maximum  demand  is  sometimes  made  without  warning,  as  on  the 
sudden  brewing  of  a  storm  in  summer  time. 

This  reserve  capacity  for  emergencies  can  be  provided  for  by  a  stor¬ 
age  battery  or  by  the  mechanical  superintendent  always  keeping  his 
“weather  eye”  open.  The  safest  plan,  however,  is  to  depend  on  the 
storage  battery,  which  is  useful  in  permitting  the  stoppage  of  the 
dynamos  in  times  of  very  light  load  and  on  Sundays. 

The  wiring  is  usually  run  in  armored  insulated  tubing,  which  is  sim¬ 
ply  iron  pipe  smoothed  inside  and  then  coated  with  an  insulating  mate¬ 
rial.  Some  of  the  buildings,  however,  use  ordinary  iron  pipe  which  has 
been  smoothed  inside,  but  without  any  insulation,  the  insulation  of  the 
wires  being  relied  on  to  prevent  short-circuiting.  These  conduits  for 
electric  wires  permit  the  wires  to  be  withdrawn  at  any  time  for  exami¬ 
nation  and  repair,  as  well  as  prevent  any  mechanical  injury  to  the  wires 
which  might  occur  through  driving  a  nail  in  the  wall  or  ceiling  or  through 
the  gnawing  of  mice  or  rats. 

The  elevator  plant  is  usually  operated  by  pumps,  although  some  of 
the  prominent  buildings  have  an  electrical  equipment.  The  present 
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opinion  of  the  majority  of  mechanical  engineers  is,  however,  1  think,  in 
favor  of  the  hydraulic  machine,  for  several  good  reasons.  If  an  electric 
elevator  is  used,  t he  storage  battery  installation  has  to  be  large  in  order 
to  overcome  the  fluctuations  in  the  lights  caused  by  the  sudden  demand 
upon  the  dynamos. 

The  pumping  plant  comprises  the  elevator  pumps,  if  the  hydraulic 
elevator  machines  are  employed,  the  automatic  fire  pumps,  the  house 
pump  for  raising  the  water  used  for  lavatory  purposes,  and  frequently 
a  special  pump  for  filtered  and  refrigerated  drinking  water,  which  keeps 
the  supply  constantly  in  motion,  and  the  boiler-feed  and  blow-off  tank 
pumps,  with  all  their  fittings. 

The  heating  svstem  is  usually  the  direct  svstem,  which  is  satisfactorv 
for  offices  of  ordinary  size  not  having  more  than  the  usual  number  of 
occupants.  The  installation  of  the  mechanical  hot-air  system  is  not 
warranted  unless  assembly  rooms  have  to  be  provided  for.  In  a  mod¬ 
ern  high  building  the  heating  is  usually  done  with  exhaust  steam  from 
the  engines,  and  the  circulation  is  often  accelerated  by  an  exhaust  pump 
on  the  drainage  pipes. 

Ventilation  can  be  provided  for  through  transoms  and  by  windows 
and  answers  all  practical  purposes  for  offices  of  the  usual  size.  Me¬ 
chanical  systems  of  ventilation  in  high  buildings  are  complicated  and 
seldom  do  what  they  are  designed  to  do  and  are  costly  to  install.  If  the 
circumstances  are  such  that  the  ordinary  means  of  ventilation  are  not 
sufficient,  an  indirect-direct  svstem  with  an  air  inlet  under  the  radiator 
communicating  with  the  outer  air  will  usually  answer,  if  properly  de¬ 
signed. 

The  plumbing  system  of  a  high  building  is  a  complex  affair  and  re¬ 
quires  a  knowledge  of  sanitary  science  as  well  as  mechanical  ability  to 
successfully  design  it.  The  supply  of  hot  and  cold  water  for  wash- 
stands,  the  supply  of  water  for  flushing  the  toilet  apparatus,  and  the 
disposal  of  wastes  require  the  best  class  of  material  and  most  careful 
workmanship. 

The  practice  of  isolating  the  lavatories  or  toilet  rooms  on  one  or  two 
floors  of  the  building,  instead  of  providing  them  at  each  floor,  has  much 
to  commend  it  from  the  standpoint  of  the  owner,  but  is  not  so  conve¬ 
nient  for  the  tenant.  The  practice  is  growing,  however,  as  considerable 
rental  space  has  to  be  sacrificed  if  each  floor  has  a  separate  lavatory 
room. 

In  conclusion,  it  may  be  said  that  the  construction  of  a  skeleton 
building  involves  a  great  responsibility  on  the  part  of  the  designer. 
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These  buildings  are  usually  monumental  structures.  Their  function  is 
a  public  or  semi-public  one,  consequently  they  should  be  designed  from 
no  narrow  standpoint.  Structurally,  they  require  actual  knowledge 
from  the  inception  of  the  design  until  the  building  is  completed,  if  they 
are  to  last  and  serve  their  purpose.  Carelessness  or  lack  of  knowledge 
will  sooner  or  later  make  itself  evident.  Artistically,  they  should  be 
dignified  and  expressive  of  their  function.  They  should,  in  all  respects, 
be  sane;  there  should  be  no  part  of  the  design  which  is  idle.  The 
building  should  be  designed  from  the  inside  out  as  well  as  from  the  out¬ 
side  in.  The  mechanical  plant,  if  good  design  and  economic  operation 
and  maintenance  are  desired,  cannot  be  left  to  guesswork  or  to  the 
advice  of  people  who  merely  have  material  to  sell. 

The  whole  matter  is  one  which  is  well  worthy  of  the  best  efforts  of 
any  ambitious  designer,  and  if  he  succeeds  in  meeting  the  requirements, 
he  will  have  erected  a  monument  to  himself,  which  will  last  longer  than 
the  inscription  on  his  tombstone. 


DISCUSSION. 

Carl  Hering. — I  would  like  to  ask  Mr.  Furber  whether  he  is  sure  that  acids 
are  necessary  to  create  rust.  I  believe  he  said  that  water  without  acid  would  not 
rust  iron.  If  a  piece  of  iron  is  left  out  in  the  open  air  and  rain  gets  on  it  (rain 
water  is  certainly  free  from  acids)  the  iron  will  certainly  rust;  so  that  his  state¬ 
ment  does  not  seem  to  be  quite  correct. 

Mr.  Furber. — I  would  quote  on  that  point  some  experiments  in  "  Kent’s 
Pocket-book,”  page  386.  Iron  exposed  to  pure  distilled  water,  free  from  acids 
and  oxygen,  will  not  rust.  I  would  refer  Mr.  Hering  to  “  Ledebur’s  Hand-book 
on  the  Oxidation  of  Iron,”  where  the  matter  is  fully  discussed. 

Mr.  Herixg. — What  Mr.  Furber  has  just  said  may  be  all  right,  but  the  com¬ 
bination  of  water  and  oxygen  certainly  will  rust  iron.  I  do  not  doubt  that  water 
without  oxygen  will  not  cause  rust,  but  water  without  oxygen  is  a  very  rare  thing 
and  it  is  ver}^  hard  to  get  the  oxygen  out  of  the  water,  particularly  from  rain 
water,  which  always  contains  some  oxygen.  The  point  I  raised  is  whether  acid 
was  really  necessary.  As  an  illustration  of  what  I  contend,  I  had  a  can  of  caustic 
soda,  and  moisture  got  into  it.  There  certainly  was  no  acid  there,  as  it  was 
strongly  alkaline,  yet  the  can  was  rusted  so  badly  that  it  came  to  pieces. 

George  M.  Sinclair. — In  this  form  of  architecture,  that  is,  the  skeleton 
building,  which  is  so  comparatively  new,  I  think  perhaps  all  engineers  are  inter¬ 
ested.  In  a  general  way,  they  like  to  hear  about  the  achievements  of  their 
brother  engineers.  A  detail  that  was  very  much  discussed  when  this  type  of 
building  was  first  being  developed,  and  I  think  perhaps  had  more  criticism  than 
anything  else,  was  the  wind  bracing.  It  would  seem,  from  what  we  have  heard 
to-night,  that  the  general  practice  has  been  to  strengthen  the  structure  in  this 
respect;  but  when  they  first  commenced  putting  up  these  high  buildings,  the 
general  engineer,  perhaps  almost  without  exception,  thought  the  wind  bracing 
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was  entirely  inadequate.  I  remember  I  was  in  Pittsburg  at  the  time  the  Carnegie 
Building  was  going  up,  and  the  engineers  being  so  prominent,  I  was  particularly 
interested  in  the  structure.  My  recollection  is,  and  I  think  I  am  entirely  correct, 
that  they  avoided  all  wind  bracing.  They  even  left  out  gusset  plates  in  the  corners, 
and  their  contention  was  that  the  brick  tilling  (I  think  it  was  ordinary  brick)  took 
the  place  of  the  wind  bracing  completely.  That  building  has  been  up  now  for  a 
great  many  years.  I  don’t  remember  exactly  when  it  was  completed — possibly 
ten  years  ago.  Apparently  the  building  has  not  suffered  for  lack  of  bracing,  and 
at  the  same  time  it  seems  to  be  contrary  to  what  is  considered  good  practice.  I 
should  like  to  ask  if  any  other  member  of  the  Club  knows  anything  about  the 
building  and  whether  any  bracing  was  required  to  be  put  in  later. 

Mr.  Furber. — Under  ordinary  conditions  natural  ventilation  in  the  small 
units  of  offices  is  satisfactory.  The  mechanical  installations  which  have  been 
put  into  some  buildings  have  not  accomplished  what  was  predicted  for  them  and 
are  to  some  extent  not  used.  If  the  room  or  office  is  to  contain  a  great  number  of 
people,  then  a  forced  system  of  ventilation  is  necessary;  that  is,  it  is  impossible 
to  get  sufficient  air  into  the  room,  by  ordinary  methods,  to  satisfy  requirements. 
Under  these  conditions  it  is  necessary  to  use  a  forced  system,  which  can  be  satis¬ 
factorily  provided  for.  Regarding  Mr.  Sinclair’s  remarks  about  wind  bracing,  it 
is  determined  almost  entirely  by  the  width  of  the  building.  If  the  building  is  very 
wide  and  has  a  number  of  columns,  and  the  joints  are  stiff,  wind  bracing  will  be 
found  to  be  well  taken  care  of  in  the  stiffness  of  those  joints.  Regarding  the 
Carnegie  Building  in  particular,  I  think  small  gussets  were  used  on  the  back  of  the 
building  where  the  light  well  reduced  the  width.  I  was  at  the  building  at  the 
time  of  erection  and  was  told  by  the  engineer  that  they  had  enough  stiff  joints  in 
the  building  to  take  care  of  any  possible  wind  storm. 

Francis  Schumann. — Mr.  Furber’s  paper  and  its  discussion  bring  to  my  mind 
the  various  phases  in  the  evolution  of  the  framed  structure  of  the  modern  high 
building. 

The  first  suggestion  appears  to  have  come  from  California,  where  metal  frame¬ 
work  built  within  the  masonry  of  the  walls  was  used  for  the  purpose  of  preventing 
rupture  of  the  walls  through  earthquakes.  Some  one  whose  name  I  do  not  recall 
obtained  a  patent  upon  such  a  combination. 

The  next  step  was  the  use  of  cast-iron  columns  and  rolled-iron  beams  placed 
within  the  building  next  to  the  outer  walls,  for  the  purpose  of  supporting  the  floors 
and  roof,  thus  making  a  reduction  in  the  thickness  of  walls  required  and  a  conse¬ 
quent  gain  in  floor,  window,  and  light  areas.  This  method,  anterior  to  the  more 
recent  development  in  the  manufacture  of  steel  for  building  purposes,  proved 
very  advantageous  in  expediting  the  building  operations  in  the  very  important 
item  of  floors  and  roof,  which  could  be  completed  and  erected  in  advance  of  the 
masonry. 

The  consequent  development  in  the  production  of  steel,  as  also  the  perfection 
of  elevators,  naturally  led  to  the  high  building  of  to-day,  which  is  really  a  metal 
structure  inclosed  by  filling  in  the  panels  of  the  framing  with,  so  far,  the  orthodox 
brick  masonry  or  its  near  relation,  terra-cotta. 

Regarding  the  architecture  of  these  high  buildings  much  remains  to  be  done. 
The  architect  is  favored  by  only  one,  but  very  important,  quality,  necessarily  an 
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accompaniment  of  large  buildings,  and  that  is  monotony — a  most  important 
factor  for  the  attainment  of  dignity. 

The  greatest  difficulty  lies  with  the  decoration.  Our  acquired  sense  of  harmony 
of  decorative  motives,  derived  from  the  classic  and  medieval  periods,  does  not 
readily  reconcile  itself  with  the  effect  of  such  motives  applied  to  a  material  strange 
to  them  and  to  masses  and  proportions  so  different.  It  seems  almost  impossible 
to  invent  new  motives,  and  we  are  compelled  to  use  what  has  been  transmitted. 
The  artistic  treatment  is  yet  to  be  evolved;  it  will  take  time,  and  many  failures 
must  be  expected  before  a  suitable  style  is  established. 

Mr.  Furber. — The  priority  of  the  idea  of  the  skeleton  building  has  bee  >  pretty 
well  threshed  out  and  no  decision  has  been  reached.  Many  designers  have 
claimed  the  idea.  Mr.  Janney,  of  Janney  &  Mundy,  architects,  Chicago,  who 
built  the  Home  Insurance  Building,  is  one  of  the  first  who  claim  to  have  discov¬ 
ered  it ;  Wilson  Brothers,  I  think,  in  the  Drexel  Building  claim  to  have  discov¬ 
ered  it;  each  part  of  the  country  puts  forth  a  special  advocate  of  prior  discovery. 
Mr.  Schumann  also  spoke  of  the  necessity  of  using  the  old  motives  in  present 
architecture.  If  we  go  back  to  the  time  when  the  Gothic  builders  began  to  design, 
we  will  see  that  they  deviated  from  existing  forms;  and  I  think  if  we  were  brave 
enough  and  courageous  enough,  and  we  had  sufficient  genius,  we  could  develop  an 
architecture  to  suit  our  present  needs,  and  not  be  compelled  to  go  back  into  the 
past  and  bring  forth  for  present  use  something  which  was  fitting  in  those  days, 
but  which  no  longer  serves  the  purpose. 

Mr.  Schumann. — I  wish  to  add  to  my  previous  remarks  that  the  framework 
referred  to  by  me  was  used  in  California  about  1867. 

Reverting  to  decorative  motives,  I  hold  that  no  one  has  succeeded  in  recent 
times  in  producing  a  new  form;  the  result  of  any  attempt  has  always  been  a  woe¬ 
ful  failure.  Geometric  forms  and  foliage,  natural  and  conventional,  as  also  the 
human  figure,  are  the  basis  of  all  architectural  decorations.  Skilled  designers  and 
modelers  of  to-day  have  threshed  over  and  over  with  no  other  result  than  a  varia¬ 
tion  of  that  inherited  from  the  classic  and  medieval  architects,  who  seem  to  have 
exhausted  the  subject. 

Mr.  Furber. — Another  word  perhaps  is  necessary  on  the  question  of  the 
oxidation  of  iron.  This  matter  was  very  fully  discussed  on  October  19.  1895, 
“  Proceedings  of  The  Engineers’  Club,”  xii,  3,  p.  255,  in  which  the  investigations 
of  Professor  Ledebur  are  fully  set  forth,  and  which  investigations  should  be  care¬ 
fully  studied  by  those  having  an  interest  in  this  subject.  See  also  “  Ledebur’s 
Hand-book,”  pp.  277-281.  Ledebur  shows  that  air  always  contains  carbonic 
acid,  and  also  that  perfectly  dry  air  (therefore  without  moisture;  cannot  pro¬ 
duce  rust.  Mr.  Hering’s  questions  are  answered  fully  by  Ledebur.  Rusting  is 
also  an  electro-chemical  question  when  other  metals  are  brought  in  contact  with 
iron,  and  the  tendency  to  rust  is  increased  when  these  metals  are  electro-nega¬ 
tive — as  copper,  tin,  lead,  etc.  This  fact  is  not  so  well  known  as  it  should  be. 
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THE  NEEDS  OF  INDUSTRIAL  EDUCATION  IN  AMERICA. 

A  Topical  Discussion,  November  2,  1901. 

WITH  REFERENCE  TO  THE  SCHOOLS. 

EDGAR  MARBURG. 

The  subject  before  us  this  evening  is  one  that  may  well  claim  the 
thoughtful  consideration  of  every  one  who  has  a  due  concern  for  the 
highest  prosperity  of  his  country  and  the  more  immediate  interests  of 
the  producing  classes. 

By  industrial  education  is  meant  that  kind  of  educational  training 
adapted  more  or  less  directly  to  the  manual  practice  of  the  useful  arts. 
It  is  obviously  impossible  to  draw  the  line  sharply  between  industrial 
education,  as  thus  defined,  on  the  one  hand,  and  technical  education  in 
its  higher  professional  development,  on  the  other;  for  almost  imper¬ 
ceptibly  the  one  field  merges  into  the  other.  In  fact,  in  its  most  com¬ 
prehensive  sense,  industrial  education  may  be  properly  said  to  cover 
not  only  the  entire  range  of  technical  education,  but  commercial  educa¬ 
tion  as  well.  For  present  purposes,  however,  education,  other  than 
that  of  a  general  or  purely  liberal  character,  may  be  conveniently 
classed,  according  to  its  specific  aim  and  purpose,  as  professional,  com¬ 
mercial,  or  industrial.  Although  professional  education  does  not  come 
directly  within  our  purview,  a  momentary  glance  at  the  history  of  its 
development  will  serve  to  show  that  this  higher  form  of  education  had, 
in  its  time,  to  contend  against  prejudice  and  opposition  of  much  the 
same  character  as  that  by  which  industrial  education  finds  itself  con¬ 
fronted  at  this  day. 

The  term  “professional”  is  not  restricted,  in  its  time-honored  sense, 
to  the  three  so-called  learned  professions;  but  in  a  more  general,  and 
perhaps  more  generous  interpretation,  it  is  meant  to  comprehend  all 
those  vocation  in  which  successful  practice  is  necessarily  predicated 
upon  a  long  disciplinary  period  of  an  advanced  and  intensely  special¬ 
ized  character.  That  such  professional  training  can  be  most  advan¬ 
tageously  imparted  through  systematic  instruction  by  competent 
specialists,  in  schools  equipped  and  operated  for  that  specific  purpose, 
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has  at  length  become  fairly  well  recognized.  Yet;singularly  enough,  the 
soundness  of  that  principle  was  for  many  years  strenuously  combated, 
nor  is  it  universally  conceded  even  at  this  day,  although  the  predomi¬ 
nating  note  is  now  emphatically  in  favor  of  school  processes.  To  some 
professions  there  is  to-day  no  possible  avenue  of  admission  save  through 
the  special  preparatory  schools.  And,  indeed,  in  every  profession  the 
requirements  have  come  to  be  so  exacting,  the  competition  so  intense, 
that  those  who  attempt  to  struggle  along  by  the  old  haphazard,  pick- 
up-as-you-can  methods  are  almost  hopelessly  distanced  from  the  start. 
Doubtless  there  will  always  be  certain  exceptional  individuals  who,  by 
virtue  of  high  natural  endowments,  industry,  and  perseverance,  will 
compel  success  even  in  the  face  of  these  formidable  odds.  Again,  there 
are  yet  a  few  professions — architecture  and  journalism,  for  example — 
for  which  a  thorough  academic  training  is  yet  somewhat  exceptional. 
Nevertheless,  the  triumph  -of  the  professional  schools  is  now  well-nigh 
complete,  and  this  victory,  let  it  be  remembered,  has  been  achieved  in 
but  little  more  than  a  century — notably  only  within  the  past  three  or 
four  decades.* 

Our  higher  technical  schools  have,  within  the  brief  period  of  their 
existence,  attained  such  excellence  that  they  bear  favorable  compari¬ 
son  with  those  of  anv  other  country.  Some  of  these  institutions  stand 
as  worthy  and  enduring  monuments  to  the  prescience  and  beneficence 
of  enlightened  individual  founders;  others,  and  prominently  those  of 
the  more  western  States,  are  under  the  fostering  care  of  the  several 
commonwealths,  and  are  maintained  on  a  liberal  scale  out  of  the  public 
purse.  In  many  of  these  schools  the  tuition  is  either  free  or  nominal. 
In  the  more  progressive  institutions  of  this  type  the  attendance  upon 
the  technical  courses  is  found  to  double  at  intervals  of  three  or  four 
years.  The  value  of  these  educational  agencies  can  hardly  be  over¬ 
estimated.  Not  only  are  they  filling  a  positive  need,  but  they  are  filling 
it  admirably.  Their  cost  of  maintenance  is  returned  to  the  State  in 

*  The  first  professional  school  of  any  kind  in  the  United  States — the  medical 
school  of  the  University  of  Pennsylvania  — was  not  founded  till  1765.  And  it  was 
nearly  three-quarters  of  a  century  later,  or  in  1835,  that  the  first  class  was  gradu¬ 
ated  in  civil  engineering,  at  the  Rensselaer  Polytechnic  Institute  of  Troy,  N.  Y.  . 

At  the  close  of  the  Civil  War  there  were  only  six  institutions,  exclusive  of  West 
Point,  engaged  in  teaching  engineering,  with  a  joint  total  of  scarcely  three  hun¬ 
dred  graduates  from  their  beginning.  Since  then  the  number  of  schools  in  the 
United  States  of  all  grades  in  which  engineering  courses  are  offered  has  been 
swelled  to  a  total  of  upward  of  a  hundred,  and  the  number  of  graduates  for  a  single 
year  is  now  not  far  from  two  thousand. 
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tenfold  measure,  and  the  wisdom  of  their  creation  few  men  would 
question. 

Industrial  education  stands  to-day  where  higher  technical  education 
stood  a  brief  half-century  ago.  While  the  provision  for  the  latter 
leaves  little  now  to  be  desired,  the  former  has  been  almost  wholly 
neglected.  For  every  graduate  of  the  technical  colleges,  a  thousand 
boys  are  obliged  to  leave  the  secondary  schools  to  take  their  place  in 
shop  and  factory  without  knowledge  of  the  fundamentals  of  their  craft, 
in  theory  or  in  practice.  Indeed,  it  may  be  doubted  that  the  average 
apprentice  boy  of  to-day  has  the  same  chance  of  development  according 
to  his  capabilities  as  had  the  boy  of  a  bygone  generation.  The  general 
introduction  of  highly  specialized  machinery,  the  standardization  and 
endless  duplication  of  parts,  the  centralization  of  work  in  enormous 
factories — all  these  influences  have  resulted,  it  is  true,  in  a  cheapening 
of  the  output,  but  also  in  the  cheapening  of  the  workman.  Paradoxi¬ 
cally  enough,  though  the  quality  of  the  product  has  steadily  advanced, 
the  quality  of  the  average  producer  has  no  less  steadily  declined.  The 
system  of  apprenticeship  by  which  efficient,  all-round  machinists  were 
formerly  developed  has  practically  disappeared.  The  vast  majority  of 
so-called  machinists  to-day  are  in  reality  machine  attendants.  Year 
in  and  year  out  they  are  confined  to  the  operation  of  some  single  piece 
of  mechanism — a  service  requiring  a  modicum  of  experience  and  indi¬ 
vidual  skill.  Such  men  are,  in  fact,  little  more  than  automatons,  pur¬ 
suing  a  certain  narrow  course  of  duty  in  an  all  but  mechanical  fashion. 

To  find  suitable  labor  of  this  type,  among  the  hosts  who  lack  ambi¬ 
tion  for  the  attainment  to  something  higher,  is  not  likely  to  become,  at 
any  time,  a  serious  problem.  But  the  intensification  of  production, 
and  the  tremendous  expansion  of  our  manufacturing  interests  have 
given  rise  to  an  increasingly  imperative  demand  for  highly  skilled  arti¬ 
sans,  and  for  men  of  suitable  qualifications  for  the  positions  of  foremen, 
superintendents  of  departments,  and  managers  of  works.  That  the 
demand  for  competent  men  of  this  higher  class  is  far  in  excess  of  the 
supply  is  a  fact  becoming  daily  more  apparent.  In  addition  to  a 
varied  and  extended  experience  in  the  shop,  such  men  should  possess  a 
sound  knowledge  of  the  fundamental  scientific  principles  pertaining  to 
their  particular  line  of  work. 

Experience  has  shown  that  the  graduates  of  the  higher  technical 
schools  cannot  be  counted  on  for  these  positions.  While  their  theo¬ 
retic  training  is  more  than  adequate,  they  lack  the  equally  essential 
knowledge  of  shop  practice  and  traditions.  These  men,  on  leaving 
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college,  are  at  an  average  age  of  about  twenty-two,  and  are  usually 
disinclined,  both  by  reason  of  their  years  and  their  educational  bent,  to 
make  the  temporary  sacrifice  of  serving  as  underlings  in  the  shop  at 
small  wages  for  a  protracted  period.  Besides,  under  the  sway  of  labor- 
unionisms,  such  opportunities  are  by  no  means  always  easily  obtained. 
Lastly,  the  demand  for  these  young  men  from  other  sources  is  so  great 
that  their  number  is  wholly  inadequate  for  the  needs  in  question. 

The  graduates  of  the  manual  training  schools,  though  less  compe¬ 
tent  than  those  in  engineering,  are  younger  and  somewhat  more  dis¬ 
posed  to  fit  themselves,  through  a  course  of  shop  service,  for  these 
higher  and  more  responsible  positions.  But  even  among  these  lads 
there  is  a  marked  disinclination  to  enter  upon  pursuits  involving,  at 
least  at  the  outset,  direct  manual  labor.  Thus,  from  a  recent  analysis 
of  the  occupations  of  over  a  thousand  manual  training  school  graduates, 
it  appeared  that  only  2  per  cent,  were  engaged  in  the  trades,  while  about 

r 

30  per  cent,  had  entered  college,  one-half  of  these  having  elected  courses 
in  engineering  and  architecture.  These  young  men  had  been  out  of 
school  three  or  four  years  on  the  average,  and  doubtless  a  certain  small 
proportion  had  advanced  from  a  course  of  shop  apprenticeship  to 
higher  positions.  But  the  fact  remains  that  manual  training  schools 
are  not  industrial  schools  in  any  true  sense.  The  typical  manual 
training  school  course  is  of  too  general,  and  hence  in  any  given  branch 
of  too  elementary,  a  character  to  satisfy  the  requirements  for  special¬ 
ized  instruction  preparatory  to  the  trades. 

These  observations  are  in  no  sense  intended  to  reflect  unfavorably 
either  upon  the  technical  colleges  or  the  manual  training  schools.  The 
special  functions  and  ideals  of  these  institutions  are  well  defined  and  no 
plea  is  needed  in  their  defense.  The  apostles  of  manual  training, 
backed  by  an  intelligent  public  sentiment,  have  achieved  their  victory 
as  did  the  advocates  of  the  professional  schools  before  them.  And  this 
in  the  face  of  opposition,  chiefly  among  the  school-men,  determined 
even  to  the  point  of  bitterness.  But  this  new  form  of  education,  which 
aims  at  the  symmetric  development  of  all  the  faculties  of  mind  and 
body,  as  distinguished  from  mere  book-learning,  has  won  the  day. 
The  manual  training  school  has  been  accorded  a  place  in  our  scheme  of 
popular  education  where,  unless  all  signs  fail,  it  is  destined  permanently 
to  remain.  Its  deep  popular  hold  is  well  evidenced  by  the  figures 
given  in  the  latest  report  of  the  United  States  Bureau  of  Education. 
We  find  that  the  number  of  cities  of  8000  population  and  over  in  which 
manual  training  is  given  in  the  public  schools  has  increased  from  a 
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total  of  37  in  1890  to  170  in  1899,  and  presumably  exceeds  200  at  the 
present  time.  Within  a  single  year  the  total  number  of  pupils  receiving 
manual  and  industrial  training  in  schools  of  various  kinds  has  increased 
by  more  than  one-fifth. 

But  it  is  again  to  be  emphasized  that  manual  training  schools  are  not 
trade  schools,  and  were  never  intended  as  such.  The  popular  notion 
that  they  may  somehow  be  made  to  serve  that  purpose  is  based  on  a 
misconception  which  the  schools  are  themselves  making  every  effort  to 
dispel.  We  cannot  close  our  eyes  to  the  humiliating  fact  that  no  schools 
whatever  for  the  systematic  training  of  our  youth  in  the  mechanic 
and  industrial  arts  exist  to-day  in  this  great  republic  save  the  compara¬ 
tively  few  which  owe  their  creation  to  private  initiative.  The  only 
trade  schools  maintained  wholly  at  public  expense  are  the  Indian 
schools — to  the  number  of  26,  containing  some  6000  pupils — and  the 
reformatory  schools. 

The  Centennial  Exhibition,  which  gave  the  first  impulse  to  the  crea¬ 
tion  of  our  manual  training  schools,  led  to  the  immediate  establishment 
in  our  midst  of  the  first  school  devoted  to  the  teaching  of  art  in  its  appli¬ 
cation  to  the  industries.  The  textile  school  was  added  in  1884.  From 
small  beginnings  these  schools  have  developed  so  rapidly  that  to-day 
they  have  few  equals  and,  probably,  no  superiors  in  the  world.  They 
owe  their  existence  to  private  initiative,  and  their  financial  support, 
too,  has  come  largely  from  private  sources. 

Philadelphia  has  her  textile  school  and  her  Williamson  School, 
both  models  of  their  kind.  New  York  has  her  Cooper  Union  and  her 
Auchmuty  Schools.  Here  and  there,  in  other  communities,  similar 
schools  have  been  founded.  Viewed,  however,  in  the  light  of  our  vast 
and  pressing  necessities,  that  which  has  been  accomplished  can  be 
regarded  only  as  a  small,  though  encouraging,  beginning.  The  history 
of  every  institution  devoted  to  industrial  education  serves  but  to  em- 
phasize  the  lesson  of  neglected  opportunity  and  the  need  of  larger  and 
better  facilities. 

When  Peter  Cooper  founded  his  famous  school  for  working  men  and 
women,  he  was  actuated  by  the  sound  principle,  “that  the  most  effec¬ 
tive  compensation  for  the  inequalities  of  life  is  to  be  found  in  the  gen¬ 
eral  diffusion  of  education  among  the  masses  of  the  people.”  During 
the  forty  years  of  its  existence  the  Cooper  Union  has  given  instruction 
to  nearly  one  hundred  thousand  persons  in  its  night  classes.  Thousands 
of  others  have  had  to  be  turned  away,  however,  for  want  of  accommo¬ 
dations.  Through  the  munificence  of  Andrew  Carnegie  the  expansion 
to  day-classes  has,  at  length,  become  feasible. 
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The  President  of  the  Williamson  School  informs  me  that,  although 
designedly  nothing  is  done  to  bring  that  school  into  public  notice,  the 
applications  for  admission  exceed  its  capacity  sixfold. 

But  the  inadequacy  of  our  present  facilities  is  shown  most  strikingly 
by  the  history  of  the  correspondence  schools,  which  have  sprung  into 
existence  only  within  the  past  few  years.  Their  largest  patronage  is 
found  among  the  men  employed  in  our  shops  and  factories.  The  lead¬ 
ing  school  of  this  type  claims  now  a  total  enrollment  of  upward  of  a 
quarter  of  a  million  students,  a  number  three  times  greater  than  that 
of  only  two  years  ago. 

Another  army  of  young  men  are  striving,  through  the  medium  of  the 
night  schools,  to  make  up  the  defects  of  their  earlier  education.  Under 
the  auspices  of  the  Young  Men’s  Christian  Association  alone,  25,000 
young  men  (including  over  4000  mechanics),  of  an  average  age  of 
twenty-three,  are  receiving  systematic  instruction  at  a  nominal  charge. 
The  attendance  upon  these  courses  exhibits  the  remarkable  average  of 
over  80  per  cent.  But  instruction  in  night  classes  cannot  much  exceed 
four  hours  per  week.  It  needs  no  argument  to  prove  that  instruction 
in  day  classes,  covering  ten  times  as  many  hours,  is  more  than  ten  times 
better. 

Correspondence  schools  and  night  schools,  well  managed,  serve  an 
admirable  auxiliary  purpose.  But  their  inherent  disadvantages  are 
such  that  we  should  not  be  content  to  look  upon  them  as  our  chief 
dependence. 

Let  it  be  hoped  that  the  day  is  not  far  distant  when  in  every  larger 
community  there  shall  be  established,  side  by  side  with  the  present  high 
school  and  manual  training  school,  other  schools  whose  special  function 
it  shall  be  to  provide  for  the  needs  of  the  prospective  business  man  and 
artisan.  The  commercial  courses  should  be  arranged  to  meet  the 
immediate  necessities  of  those  who  cannot  afford  to  remain  longer  than 
one  or  two  years.  Subjects  of  direct,  utilitarian  value  should  be  taught 
early  in  the  course.  Subjects  of  more  remote  value,  but  essential  to 
the  sound  equipment  of  the  ultimate  business  manager  and  man  of 
affairs,  as  well  as  purely  cultural  studies,  should  be  left,  as  far  as  pos¬ 
sible,  to  the  later  years,  and,  in  their  most  highly  developed  and  special¬ 
ized  form,  to  the  universities. 

The  trade  schools  and  schools  of  industrial  art,  maintained  at  public 
cost,  should  be  open  to  the  youth  of  both  sexes,  of  a  prescribed  age,  who 
shall  have  completed  the  work  of  the  grammar  school.  However  de¬ 
sirable  it  may  be  that  these  pupils  should  have  passed  through  the 
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manual  training  school  or  high  school,  in  the  overwhelming  majority 
of  cases  the  resources  of  the  parents  preclude  this  possibility.  Statis¬ 
tics  show  that  less  than  3  per  cent,  of  the  pupils  who  enter  the  public 
schools  complete  the  high  school  course. 

In  these  public  trade  schools  the  instruction  might  be  confined  more 
especially  to  such  trades  as  do  not  stand  in  immediate  relation  to  the 
manufactures;  first,  to  obviate  the  need  of  expensive  machinery  and 
organization;  and  second,  to  place  the  responsibility  for  the  estab¬ 
lishment  of  schools  to  serve  these  manufacturing  interests  where  it 
primarily  belongs — namely,  on  the  manufacturers  themselves.  If 
time  permitted,  much  hopeful  evidence  might  be  adduced  to  show  that 
the  manufacturers  themselves  are  coming  to  take  this  enlightened  view. 
The  consolidation  of  like  interests,  now  so  actively  in  progress,  may 
prove  a  helpful  factor  in  that  connection. 

In  all  such  schools  instruction  should  be  free;  but  lazy  or  incom¬ 
petent  pupils  should  be  unsparingly  rejected.  It  should  be  clearly 
understood  that  these  special  training  privileges  are  intended  only  for 
those  who  possess  sufficient  natural  ability,  and  who  come  with  the  no 
less  essential  earnestness  of  purpose.  A  selected  few,  who  evince  talent 
of  an  unusual  order,  might  be  given  more  advanced  instruction,  not 
only  without  cost,  but  even  under  small  compensation. 

If  it  be  objected  that  such  a  policy  smacks  too  much  of  paternalism, 
that  it  is  contrary  to  our  national  spirit  of  independence,  the  answer 
turns  upon  the  meaning  of  these  terms.  If  it  is  meant  that  the  State 
may  wisely  maintain  institutions  of  higher  learning  for  the  few,  but  that 
the  masses  shall,  in  the  interest  of  their  own  independence,  be  left  to 
work  out  their  future,  unaided,  as  best  they  may,  the  moment  they  are 
obliged  to  leave  the  public  schools,  the  argument  seems  as  weak  in 
logic  as  it  is  wanting  in  justice. 

If  three-  and  four-year  high  school  courses,  which  the  masses  cannot 
afford,  and  which  do  not  prepare  for  anything  in  particular,  may  be 
maintained  out  of  the  public  purse,  why  should  not  trade  schools, 
commercial  schools,  and  schools  of  industrial  art  be  similarly  supported? 
Such  schools,  capably  managed,  would  give  a  boy  a  better  understand¬ 
ing  of  his  trade  or  business  in  a  single  year  than  he  could  gain  in  an 
apprenticeship  of  thrice  that  period.  Instruction  would  be  their 
first  aim,  whereas  in  the  apprenticeship  system  it  is  the  last.  The  pro¬ 
gram  would  be  arranged  with  an  eye  single  to  maximum  results  in 
minimum  time.  Undue  duplication  of  work  of  essentially  the  same 
character,  from  which  little  or  nothing  is  to  be  learned,  would  be  stu- 
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diously  avoided.  In  an  apprenticeship  this  is  obviously  impracticable. 
At  every  stage,  special  emphasis  would  be  laid  on  the  fundamental  and 
governing  scientific  principles — principles  of  which  even  skilled  mechan¬ 
ics  are  often  in  ignorance  or  apply  without  understanding.  While  the 
graduates  cannot  be  expected  to  have  acquired  the  same  manual  dex¬ 
terity  as  experienced  journeymen,  this  temporary  disadvantage  could 
be  speedily  overcome  in  practice,  and  their  broader  training  would  en¬ 
able  them  to  advance  more  rapidly  to  responsible  positions. 

The  opposition  of  the  trade  unions,  however  unwarranted,  may  prove 
at  first  a  serious  obstacle  to  the  establishment  of  such  schools.  But 
ill-founded  prejudice  has  never  yet  availed  to  permanently  stay  the 
tide  of  human  progress.  The  professional  schools  have  had  to  meet 
and  overcome  antagonism  of  much  the  same  character.  A  policy, 
inherently  wise  and  just,  that  holds  out  the  promise  of  the  greatest  good 
to  the  greatest  number,  c&nnot  be  permanently  held  in  check.  And 
that  it  is  possible,  by  judicious  management,  to  operate  such  schools  in 
thorough  harmony  with  the  trades  is  attested  by  the  eminently  success¬ 
ful  example  of  the  Auchmuty  Schools  in  New  York  and  the  Williamson 
School,  to  which  I  have  previously  alluded. 

To  show  the  situation  from  the  standpoint  of  the  employer,  let  me 
cite  some  very  recent  testimony : 

At  a  meeting,  last  year,  of  the  Pittsburg  Foundrymen’s  Associa¬ 
tion,  the  following  resolutions  were  passed : 

“ Resolved ,  That  the  foundry  industry  has  arrived  at  a  point  where 
there  is  a  demand  for  managers  properly  trained  in  the  principles  of 
scientific  and  commercial  founding. 

“Resolved,  That  a  representative  body,  such  as  the  American  Foun¬ 
drymen’s  Association,  be  requested  to  draw  the  attention  of  the  institu¬ 
tions  of  learning  to  this  fact,  and  urge  them  to  take  the  necessary  steps 
to  supply  the  demand.” 

At  a  subsequent  meeting  of  the  American  Foundry  men’s  Association 
held  in  Chicago,  a  year  ago  last  summer,  resolutions  were  passed  in 
favor  of  the  establishment  of  special  industrial  schools  for  teaching  the 
science  and  art  of  founding. 

At  the  annual  meeting  of  the  American  Society  of  Mechanical  En¬ 
gineers,  a  year  or  two  ago, — a  meeting  attended  by  over  700  members, 
— the  interest  centered  chiefly  about  a  paper  upon  a  scheme  for  the 
education  of  machinists.  The  discussion  of  this  paper,  by  leading 
manufacturers,  engineers,  and  educators,  covers  a  hundred  pages  of  the 
published  Proceedings.  Many  opinions  were  advanced  as  to  the  best 
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means  of  coping  with  the  situation,  but  there  was  a  substantial  agree¬ 
ment  that  the  existing  facilities  are  inadequate.  ( )ne  speaker  observed 
that  at  a  recent  meeting  of  managers  it  was  stated  that  two  hundred 
young  men  suitable  for  foremen  in  foundries  could  be  placed  at  once. 
Another  referred  to  the  great  shortage  of  “leadership  talent  in  the 
shops  of  this  country,  while  latent  talent  sufficient  for  all  needs  abounds, 
the  only  thing  lacking  being  the  means  of  developing  that  talent.” 

Recently,  in  conversation  with  a  friend  who  operates  a  machine  shop, 
employing  some  fifty  hands,  I  learned  that  he  had  had  the  greatest 
difficulty  in  finding  a  man  of  sufficient  ability  and  general  experience 
for  the  position  of  foreman.  After  carefully  sifting  a  list  of  125  appli¬ 
cants.  there  remained  but  three  whom  he  would  have  ventured  to  em¬ 
ploy  on  trial. 

The  gap  in  our  educational  scheme  is  sufficiently  evident  on  the  me¬ 
chanic  side;  but  on  the  artistic  side  it  is  perhaps  even  more  apparent. 
In  the  application  of  art  to  the  industries,  in  innumerable  directions,  we 
are  completely  outclassed  by  European  countries.  Such  artistic  de¬ 
signers  as  we  have  are  largely  men  of  foreign  birth  and  training  holding 
positions  for  which  our  native  workmen  are  unable  fairly  to  compete. 
Artistic  skill  of  high  order  cannot  come  to  the  individual  by  sheer  in¬ 
spiration,  however  great  his  talent.  Systematic  instruction — and  that 
of  the  best,  most  highly  specialized  kind — can  be  our  only  safe  de¬ 
pendence. 

There  are  those  who  lightly  hold  that  America  has  nothing  to  fear 
from  her  competitors.  They  point  with  complacent  pride  to  our  pres¬ 
ent  unparalleled  material  prosperity,  to  the  marvelous  growth  of  our 
manufactures,  the  expansion  of  our  commerce,  our  invasion  of  foreign 
markets,  as  conclusive  evidence  of  the  general  superiority  of  our 
methods.  But  generalizations  of  this  kind  are  seldom  safe.  The  issues 
are  so  important  that  the  conditions  cannot  be  too  closely  scrutinized. 
That  our  industrial  development  has  proceeded  with  giant  strides,  not¬ 
ably  within  the  very  recent  past,  is  a  most  gratifying  fact  to  which  we 
will  all  bear  willing  testimony.  But  in  the  serious  contemplation  of 
past  achievements,  let  us  remember  too  that  there  is  no  country  so 
bounteously  blessed  with  natural  resources — in  farm  and  pasture,  in 
forest  and  in  mine.  These  factors,  together  with  the  native  alertness 
and  progressive  spirit  of  our  people,  their  genius  for  invention  and  or¬ 
ganization,  their  restless  energy,  have  given  us  immeasurable  advan¬ 
tages  over  less  favored  nations.  But  the  responsibility  of  nations,  as  of 
individuals,  is  great  in  proportion  to  their  opportunities.  The  ques- 
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tion  is  not  so  much  what  we  have  done/  as  what  we  might  have  done, 
and  what  we  shall  do.  In  giving  thoughtful  heed  to  the  possibilities  of 
the  future,  let  us  view  the  past  rather  in  the  light  of  our  shortcomings 
than  our  achievements.  In  preparing  for  the  mighty  struggle  that  is 
now  impending — the  international  struggle  for  commercial  supremacy 
— let  us  look  well  to  our  armor  and  to  the  keenness  of  our  weapons. 
Above  all,  let  us  not  despise  our  adversaries  or  fail  to  profit  by  their 
example. 

Other  nations,  notably  Germany,  have  been  bending  their  energies 
for  several  decades  toward  the  creation  of  industrial  and  commercial 
schools  in  every  little  community,  and  are  now  reaping  the  rewards  of 
their  far-sighted  wisdom.  The  return  to  our  shores,  in  manufactured 
form,  of  much  of  the  raw  material  exported  by  ourselves,  and  our  im¬ 
portations  in  many  other  lines  are  directly  attributable  to  our  un- 
symmetric  industrial  development. 

Is  it  not  time,  then,  that  we  should  recognize  this  great  question  of 
industrial  education  as  lying  at  the  very  base  of  our  future  national 
prosperity,  and  see  that  it  is  squarely  met  and  wisely  solved?  A 
world  statesman  once  said,  in  substance  if  not  in  words :  “  That  nation 
which  has  the  best  schools,  has  the  surest  hold  upon  the  future.” 
What  logic  could  be  more  irresistible !  Let  us  look  "well  to  our  youth, 
and  our  youth  will  look  to  our  future. 


WITH  REFERENCE  TO  THE  MACHINE  TRADES. 

SAMUEL  M.  VAUCLAIN. 

Mr.  President  and  Gentlemen: 

I  have  been  asked  to  address  you  upon  the  topic  now  before  you,  as 
to  its  relation  to  the  apprentice  boy,  and  therefore  to  the  future  of  the 
mechanical  industries  of  our  country. 

There  is  nothing  so  conducive  to  success  in  any  manufacturing  es¬ 
tablishment  as  its  personnel,  from  the  president  down  to  the  watchman 
at  the  door. 

A  certain  esprit  de  corps  is  necessary  to  insure  success,  and  that  in 
turn  is  dependent  upon  the  education  of  the  entirety.  It  is  not  my 
intention,  however,  to  treat  of  that  which  is  necessary  for  the  many 
varied  classes  of  employees,  but  to  devote  what  little  time  may  be  at 
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my  disposal  to  the  consideration  of  the  education  necessary  for  the 
apprentice.  What  an  ocean  of  thought  is  necessary  for  his  benefit! 
I  have  been  asked,  “  Are  the  present  or  existing  educational  conditions 
satisfactory?”  To  which  I  can  reply  both  “Yes”  and  “No.”  They 
are  satisfactory  in  that  they  provide  those  who  are  permitted  by  their 
parents  to  attend  our  public  schools  with  a  rudimentary  education 
sufficient  to  build  upon  for  the  future;  also,  in  that  they  cause  our 
high  schools,  both  public  and  private,  to  daily  charge  the  minds  of 
young  men  with  an  excellent  groundwork,  the  application  of  which 
to  any  of  the  various  trades  in  the  mechanic  arts  must  insure  success. 

Also  and  more  particularly  are  our  colleges,  several  in  number,  en¬ 
gaged  in  the  education  of  young  men  destined  to  fill  many  of  the  more 
important  places  in  our  manufacturing  enterprises,  provided  their 
future  may  not  be  dwarfed  by  an  overestimate  of  their  worth. 

And  now  as  to  the  negative,  and  listen  to  me  closely,  in  order  that 
you  may  derive  the  full  import  of  my  perhaps  not  too  clear  explanation. 

The  education  of  our  youth  in  the  mechanic  arts  thirty  years  ago 
was  conducted  in  a  sort  of  “  raised-by-hand”  manner.  The  indentured 
apprentice  was  just  ceasing  to  be,  and  the  unindentured  youth  was 
being  substituted  in  his  place.  The  ambition  of  boys  worthy  of  ad¬ 
vancement  was  dwarfed  by  the  favoritism  practised  by  superiors. 
The  greed  of  gain  and  the  struggle  for  distinction  caused  owners  and 
their  foremen  to  introduce  labor  skilled  in  but  one  thing — to  work  the 
youth  of  the  land  in  such  a  manner,  until,  arriving  at  that  age  when 
red  neckties  and  young  ladies  became  attractive,  a  demand  for  better 
wages  would  be  met  by  a  rebuff  or  dismissal.  Why  have  we  our  system 
of  education,  as  practised  by  the  public  schools?  Why  do  the  high 
schools  of  our  land  exist?  And  lastlv,  why  should  we  send  our  sons  to 
colleges  and  other  institutions  of  learning  if  they  must  buffet  a  condi¬ 
tion  so  damnable  to  the  youth  of  our  land? 

It  is  here  that  the  educational  system  of  our  country  is  incomplete. 
The  future  of  these  great  United  States  of  America  will  depend  upon 
the  mechanical  education  of  its  youth.  We  are  destined  to  be  the  work¬ 
shop  of  the  world.  We  have  our  mines  of  all  kinds,  our  workshops 
great  even  in  their  infancy,  and  a  generation  before  us  better  equipped, 
so  far  as  preliminary  education  is  concerned,  than  any  that  has  existed 
in  the  past;  and  for  your  consolation  and  assurance  I  beg  you  to  but 
glance  at  our  daughters  for  a  convincing  proof  that  the  American  to 
come  will  be  fully  capable  of  perpetuating  the  policy  we  must  estab- 
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lish  and  thus  insure  for  all  time  not  only  America  for  Americans,  blit 
for  all  the  world  besides. 

Returning  from  this  pardonable  digression,  I  desire  to  say  that  in 
my  opinion,  when  our  youth  have  left  their  schools  and  stand  ready  to 
enter  upon  their  life’s  work,  there  should  be  a  well-defined  system 
pursued  by  the  owners  of  all  industries;  not  only  should  we  revive  the 
old  system  of  indenture,  but  should  improve  it  to  meet  the  various 
grades  of  boys  seeking  places.  The  grammar  school  boy  must  receive 
even  more  attention  than  his  more  scholared  fellows;  his  term  of  ser¬ 
vice  will  naturally  be  longer,  but  that  which  he  may  have  lost  at  school 
will  be  more  than  made  up  by  his  better  knowledge  of  shop  practice 
and  longer  contact  with  men — men  whom  he  must  either  mingle  with 
or  command. 

Therefore,  a  series  of  indentures  which  shall  suit  the  boys  or  young 
men  of  these  three  grades  must  be  prepared,  and  must  insure  a  regular 
and  uniform  progress  in  the  art  or  mysteries  of  the  desired  trade,  be  it 
that  of  machinist,  blacksmith,  boilermaker,  or  other,  and  even  though 
it  may  in  some  cases  prove  a  loss  to  the  individual,  the  whole  wi  11  be 
benefited. 

It  may  be  claimed  on  the  part  of  those  intrusted  with  the  education 
of  our  youth,  prior  to  their  engaging  in  any  occupation  intended  to  pro¬ 
vide  a  livelihood  for  them  and  those  to  be  dependent  upon  them  in  the 
future,  that  the  so-called  manual  training  schools  of  the  country  are 
sufficient  and  well  adapted  to  educating  and  training  a  class  of  skilled 
workmen — skilled  not  only  in  the  manipulation  of  machine  tools,  but 
thoroughly  trained  in  the  art  of  expressing  their  ideas  upon  paper  in 
the  shape  of  drawings,  so  that  those  thoughts  can  be  transmitted  to 
others  sufficiently  clearly  to  enable  them  to  follow.  It  is  in  this  manner 
only  that  the  direction  of  thousands  can  be  accomplished  hy  a  few. 
But  while  I  do  not  wish  to  detract  in  any  way  from  the  good  influence 
which  may  be  asserted  by  the  various  institutions  of  mechanical  handi¬ 
work,  or  so-called  mechanical  training  schools,  it  is  a  fact  that  these 
schools  are  lamentably  behind  the  times  in  all  that  appertains  to  the 
various  trades  as  practised  in  America  to-day.  The  professors  engaged 
in  imparting  knowledge  to  the  various  pupils  in  their  charge  are  endeav¬ 
oring  to  the  best  of  their  ability^  to  discharge  the  obligations  resting  upon 
them.  They  are  handicapped,  however,  by  the  fact  that  to  be  a  suc¬ 
cessful  teacher  in  this  branch  of  education  it  is  necessary  to  be  in  con¬ 
stant  contact  with  the  practical  work  of  the  workshops  of  the  country, 
and  to  have  at  their  command  all  the  improvements  that  are  made  in 
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the  way  of  labor-saving  appliances  and  improved  methods  of  operation, 
so  that  when  graduated  their  students  may  at  least  be  abreast  of  the 
times  and  ready  to  proceed  with  their  work  in  some  one  of  the  many 
great  workshops  of  the  nation. 

The  financial  difficulty,  however,  interferes  in  almost  every  case, 
and  in  many  of  the  workshops  connected  with  the  educational  insti¬ 
tutions  of  our  country  the  machinery  and  appliances  are  lamentably 
deficient.  It  is  my  opinion  that  the  money  now  spent  by  the  various 
trade  schools,  mechanical  training  schools,  and  others  of  this  kind, 
would  be  put  to  better  use  if  devoted  to  a  thorough  teaching  of  algebra, 
geometry,  mensuration,  mechanical  drawing,  and,  if  possible,  some 
higher  mathematics,  sweetened  and  made  palatable  by  an  elementary 
knowledge  of  the  chemistry  of  metals  and  their  physical  strength. 
If  the  workshops  of  our  nation,  already  thoroughly  equipped  with 
valuable  and  efficient  teachers,  were  organized  as  manual  training 
schools, — manual  training  schools  that  would  pay  to  each  student 
sufficient  money  to  at  least  furnish  him  with  the  “bread  of  1110,”  in 
place  of,  as  in  our  present  system,  consuming  his  time  without  com¬ 
pensation  and  at  a  considerable  outside  expense;  manual  training 
schools  that  would  carry  along  the  successful  student  in  such  a  manner 
as  to  eventually  make  him  not  only  a  success  from  the  mechanical 
training  standpoint,  but  a  mechanic  of  the  highest  order, — such 
schools  would  turn  out  young  men  not  only  trained  from  a  thoroughly 
mechanical  point  of  view,  but  so  thoroughly  trained  on  the  commercial 
side  of  the  profession  as  to  make  them  a  financial  as  well  as  a  mechanical 
acquisition  to  our  beloved  country. 

No  one  but  those  who  employ  labor  or  operate  large  machine  shops 
are  aware  of  the  deplorable  failures  of  those  who  enter  their  works 
from  the  mechanical  training  schools  of  our  country.  Clive  me  the  boy 
who  has  a  thorough  groundwork,  a  knowledge  of  the  common  branches 
taught  in  our  grammar  schools,  a  knowledge  of  the  higher  branches 
taught  in  the  High  School  of  this  city  and  others  of  its  kind,  or  a  gradu¬ 
ate  of  such  colleges  as  Sibley,  Stevens,  and  the  University  of  Pennsyl¬ 
vania,  and  I  will  be  responsible  for  the  mechanical  education  of  these 
young  men  and  for  their  adaptation  to  all  positions  connected  with  the 
various  trades  to  be  found  in  the  industry  with  which  I  am  connected. 

Why  is  it  that  we  cannot  secure  apprentices  to  the  trades  of  black¬ 
smith,  boilermaker,  or  molder  with  the  same  ease  that  we  do  to  that 
of  machinist?  Can  it  be  that  our  education,  so  called,  gives  the  youth 
of  our  land  a  horror  of  such  work,  or  is  it  not  due  to  the  fact  that  hardly 
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an  establishment  in  the  whole  United  States  offers  any  encouragement 
whatever  to  young  men  in  these  branches?  They  naturally  shrink 
from  the  grime  and  the  excessive  manual  labor,  but  these  trades  to-day, 
while  bare  of  ambitious  material  for  their  perpetuation,  offer  the  most 
desirable  future  for  our  vouth,  and  in  them  the  financial  as  well  as  the 
professional  reward  seems  the  greatest. 

The  Baldwin  Locomotive  Works,  a  quiet  and  well-ordered  establish¬ 
ment  doing  business  in  a  small  way  here  in  your  midst,  is  endeavoring 
to  start  this  great  system  of  education.  Among  10,500  toiling  me¬ 
chanics  you  will  find  more  than  a  thousand  young  and  ambitious  men, 
variedly  educated,  toiling  unceasingly  for  recognition  and  advance¬ 
ment. 

They  have  before  them  other  youths  who  have  successfully  rode  out 
the  stormy  years  of  their  apprenticeship  and  journey  work,  and  are 
now  holding  positions  of  great  responsibility.  Why  has  the  Baldwin 
Locomotive  Works  grown  so  rapidly  within  the  last  decade — almost 
fourfold  its  size?  Three  thousand  men  were  then  considered  many, 
but  the  enterprise  of  youth  and  a  system  of  persistent  shop  education 
as  a  continuation  of  that  received  at  school  have  swelled  the  numbers, 
burst  out  the  walls,  driven  out  trade  into  every  quarter  of  the  earth, 
and  to-day,  gentlemen,  you  will  find  an  army  of  men  whose  loyalty  to 
their  place  of  employment,  energy  of  action,  and  their  susceptivity  to 
direction  are  the  admiration  of  all  who  visit  those  works. 

It  has  been  said  that  God  made  all  men  equal.  In  many  ways 
this  may  be  true,  but  not  as  to  their  capacity.  We  have  daily  born 
in  the  world  those  destined  to  command  and  those  who  must  labor. 
It  is  true  that  many  are  drawn  into  the  mire  of  error  and  despondence 
who  otherwise  would  be  a  credit  to  our  country,  and  it  is  to  avoid 
this  that  we  must  all  enter  the  arena  of  educators,  and  by  daily  con¬ 
tact  sort  out  the  youth  of  the  nation,  advise  and  direct,  and  so  place 
and  encourage  them  that  they  may  all  be  successful  comparatively, 
and  add  to  the  prosperity  of  the  nation.  The  commander  is  seldom 
an  investigator,  the  delineator  seldom  an  inventor,  the  mechanical 
“crank,”  with  whom  you  are  all  no  doubt  acquainted,  fulfils  his  mis¬ 
sion,  an  ever-present  warning  to  young  men  suffering  from  their  first 
megacephalous  condition.  Therefore,  it  remains  for  us  to  get  to 
work  faithfully  and  diligently,  and  at  no  little  expense,  to  discharge 
our  obligations  and  insure  a  continuance  of  our  present  prosperity 
to  those  who  will  follow  hereafter. 

In  conclusion,  let  me  tell  you  we  must  bear  in  mind  that  the  greatest 
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secret  of  success  in  our  varied  industries  is  to  avoid  family  succession, 
excepting  where  it  may  have  been  successfully  toiled  for  and  earned 
shoulder  to  shoulder  with  other  strugglers  for  the  same  end.  When 
Mr.  George  Burnham,  senior  member  of  Burnham,  Williams  A:  Com¬ 
pany,  owning  and  operating  the  Baldwin  Locomotive  Works,  was 
asked  to  explain  the  success  which  attended  his  establishment,  he 
replied,  “There  are  no  hereditary  rights  connected  with  the  Baldwin 
Locomotive  Works.” 

Let  this  then  be  the  watchword  of  ever}'  manufacturer:  It  is  far 
better  to  give  your  business  to  a  competent  stranger,  educated  under 
your  own  roof,  than  to  entrust  it  to  an  irresponsible  and  disinterested 
progeny,  not  only  from  a  pecuniary  point  of  view,  but  for  the  better¬ 
ment  of  humanity  and  the  preservation  of  the  industries  of  our  country. 


WITH  REFERENCE  TO  THE  BUILDING  TRADES. 

JOHN  M.  SHRIGLEY. 

There  is  no  doubt  that  preparation  for  the  professions  (architecture 
and  engineering,  etc.)  is  best  made  in  educational  institutions  founded 
for  that  purpose.  I  believe  that  the  same  practice  holds  good  in  many 
mechanical  trades,  including  some  of  those  concerned  in  building 
construction,  such  as  carpentering,  bricklaying,  plastering,  etc. 

As  with  the  professions,  so  with  the  trades,  some  additional  prac¬ 
tice  is  required  in  the  world  of  affairs  to  supplement  the  academic 
instruction.  The  experience  of  the  Williamson  School  indicates  that 
but  little  time  is  needed  for  its  graduates,  say  three  months  to  a  year, 
to  become  satisfactory  journeymen.  As  they  progress,  their  acquaint¬ 
ance  with  mechanical  drawing,  and  the  scientific  principles  underlying 
their  trades,  supplemented  by  a  fair  mathematical  and  general  academic 
training,  enables  them  to  develop  into  superior  workmen — men  who 
expand  to  such  opportunities  in  their  line  as  may  present  themselves. 
Time  will  not  permit  me  to  enter  into  details,  but  I  will  briefly  state, 
for  instance,  that  a  bricklayer’s  or  a  carpenter’s  ability  to  readily 
comprehend  building  or  architectural  drawings  adds  much  to  his 
value.  It  is  not  very  unusual  for  bricklaying  graduates  of  our  school 
to  be  asked  by  foremen  who  have  been  in  the  business  for  years  to 
interpret  drawings  of  new  forms  of  construction  in  brickwork. 
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Their  scientific  knowledge  of  the  principles  of  their  trade  enables 
trade  school  graduates  to  take  a  large  grasp  of  the  different  kinds  of 
work  in  their  line.  For  instance,  bricklayers  can  set  boilers,  line 
furnaces,  set  tile,  etc.;  whilst  carpenters  can  work  at  shipbuilding, 
car-building,  etc.  This,  of  course,  is  in  addition  to  the  regular  work 
in  their  trades.  Undoubtedly,  trade  schools  place  intelligent  young 
men  who  have  business  or  executive  ability  in  good  shape  to  eventually 
become  builders  and  contractors. 

Some  years  ago,  Mr.  Anderson,  then  President  of  the  Bricklayers' 
Protective  Association  of  Philadelphia,  carefully  examined  the  in¬ 
structional  methods  used  in  our  bricklaying  department,  and  their 
results,  and  reported  that  he  approved  entirely  of  the  same;  his  only 
adverse  criticism  being  that  our  scholars  were  taught  to  lay  bricks 
too  carefully  for  the  coriimercial  usages  of  some  contractors.  Already 
many  of  our  graduates  in  that  department  are  earning  the  highest 
wages,  and  a  few  are  contractors. 

Whilst  the  old-fashioned  apprenticeship  method  has  produced  many 
good  mechanics,  it  is  a  somewhat  tedious  process;  and  I  think,  its 
advantages  in  some  respects  are  surpassed  by  those  of  the  courses 
in  use  in  a  well-conducted  trade  school.  In  the  latter  much  depends 
upon  having  a  comprehensive,  systematic,  well-graded  series  of  in¬ 
structional  exercises.  Competent  teachers  are  also  required.  There 
are  many  excellent  mechanics,  but  few  qualified  to  act  as  instructors. 
Instruction  and  not  construction  should  be  the  aim, — a  school  and 
not  a  shop, — and  yet  a  proper  preparation  for  commercial  methods. 

An  experience  of  some  twenty  years  in  shops  and  ten  years  in  school 
leads  me  to  prefer  the  methods  and  the  results  of  the  latter.  There 
is  but  little  trouble  experienced  in  securing  pronounced  interest  in 
instructional  mechanical  exercises.  This  applies  to  the  building 
trades  (bricklaying  and  carpentering,  for  instance)  as  well  as  to  shop 
trades,  such  as  machinist  and  pattern-making. 

It  may  be  well  to  ask  your  attention  to  some  of  the  difficulties  in 
the  way  of  the  general  introduction  of  mechanical  trade  schools. 

1.  Securing  pupils  desirous  of  being  journeyman  mechanics,  and 
qualified  to  undertake  the  required  preparation.  I  believe  it  is 
necessary  to  have  young  men  properly  developed  physically  and 
mentally,  and  with  a  fair  common  school  education,  to  successfully 
enter  on  the  work.  This  point  is  not  reached,  as  a  rule,  until  the  age 
of  sixteen,  and  seventeen  is  better.  When  a  young  man  completes 
his  school  trade  course,  it  is  essential  that  his  appearance  should  in- 
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dicate  the  man,  else  most  employers  will  look  on  him  as  a  boy,  and 
will  expect  his  services  at  a  boy’s  wages,  no  matter  how  excellent  his 
qualifications  may  be.  It  is  unfair  to  ask  trade  school  graduates  to 
work  at  their  occupations  if  paid  only  raw  apprenticeship  wages. 
Now,  most  boys  who  desire  to  be  mechanics  must  earn  wages  before 
becoming  of  the  proper  age  to  enter  trade  schools,  and  this  employment 
they  and  their  parents,  as  a  rule,  will  be  unwilling  or  unable  to  have 
abandoned  for  the  mechanical  school  where  no  pay  can  be  had.  The 
three  or  four  dollars  a  week  which  the  boy  has  been  getting  will  be 
thought  more  desirable  or  essential  than  the  education  which  in  a  few 
years  will  give  him  that  much  in  a  day.* 

2.  When  pupils  are  obtained  there  will*  be  difficulty  in  holding 
many  of  them  until  graduation.  When  half  or  two-thirds  through 
their  course  they  will  be  sufficiently  skilled  to  get  a  living  wage  at 
their  trades,  and  some  will  then  unceremoniously  leave.  The  ex¬ 
perience  of  employers  under  the  old  apprenticeship  system  often 
proved  this.  When  parti)'  through  their  apprenticeship,  many  boys 
felt  that  they  “knew  it  all,”  and  went  elsewhere  to  work,  just  when 
their  employers  expected  to  reap  the  most  profit  from  them.  This 
had  much  to  do  with  the  large  abandonment  of  the  apprenticeship 
system. 

3.  There  will  also  be  the  difficulty  of  getting  many  employers  to 
place  a  proper  estimate  on  the  value  of  trade  school  methods.  Time 


*  The  following  letters  represent  one  phase  of  the  case : 

“  Morrjsvili.e,  Oct.  30,  1901. 

“Mr.  John  M.  Shrigley. 

“  Dear  Sir:  Since  we  applied  for  admission  for  our  son  to  enter  your  school, 
my  husband  has  not  been  very  strong,  and  it  is  now  a  serious  question  with 
me  whether  we  can  spare  him  or  not.  I  have  written  to  my  husband  about  the 
matter  and  will  let  you  know  immediately  upon  receipt  of  his  reply. 

“Respectfully  yours, 

u  _  n 


“Renovo,  Pa.,  Oct.  28,  1901. 

“Mr.  John  M.  Shrigley. 

“  Dear  Sir:  I  received  your  card  notifying  me  to  call  for  examination,  but  as 
1  accepted  a  position  in  the  office  of  the  P.  R.  R.  Co.,  I  cannot  come  now,  because 
my  mother  and  sisters  need  what  little  support  I  can  give  them.  I  thank  you 
for  your  kindness  in  accepting  my  application.  1  remain, 

“Yours  respectfully, 
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will  largely  remedy  this.  The  Williamson  School  passed  through 
that  period.  Now  there  are  enough  employers  acquainted  with  the 
value  of  its  graduates  to  make  a  constant  demand  for  them,  at  excel¬ 
lent  wages. 

Permit  me  to  illustrate  this.  In  our  class  of  1897  there  were  three 
young  men,  warm  friends,  in  the  one  trade,  who  wished  to  find  employ¬ 
ment  together.  They  desired  to  obtain  work  at  one  of  our  best  manu¬ 
facturing  establishments,  but  learned  that,  being  trade  school  graduates, 
they  could  only  be  paid  about  SI. 25  per  day,  and  be  gradually  ad¬ 
vanced  to  full  wages.  Two  of  them  reluctantly  accepted  the  terms 
and  some  time  ago  reached  journeymen’s  pay  there.  The  third  one, 
the  largest  of  the  party,  but  not  quite  equal  as  a  mechanic  to  the  others, 
was  not  satisfied,  and  procured  work  at  S2.00  per  day  at  a  smaller 
establishment,  where  he  remained  some  months.  Business  becoming 
dull  there,  he  called  at  the  place  where  the  others  were  working, 
asked  for  employment  as  a  journeyman,  wages  to  be  fixed  after  a 
week’s  trial;  and  he  was  then  given  $2.60  per  day — about  twice  what 
his  classmates  were  paid  for  the  same  grade  of  work.* 

4.  I  believe  that  young  mechanics  should  have  a  good  course  in  the 
principles  of  mechanical  drawing.  They  will  be  the  far  better  artisans 
for  it  and  be  fitted  for  promotion  to  the  positions  of  foremen,  managers, 
superintendents,  etc.,  should  such  opportunities  present  themselves. 
The  trouble  here  is  that  knowledge  of  drawing  takes  some  from  the 
shop  and  building  work  to  the  drawing  room — not  a  bad  result,  but 
not  the  object  for  which  trade  schools  are  established.  Such  schools 


*  Within  the  last  month  letters  have  been  received  from  two  of  our  brick¬ 
laying  graduates,  one  of  whom  was  earning  $28.50,  and  the  other  $32  per  week. 
After  this  paper  was  read  before  the  Club,  the  letter  given  below  was  received 
at  the  Williamson  School. 

“Vandegrift,  Pa.,  Nov.  4,  1901. 

“  Dear  Sir:  It  has  been  quite  a  long  while  since  I  have  written  you,  and  will 
take  the  pleasure  of  writing  you  a  short  letter  now.  In  fact,  I  do  but  very  little 
corresponding  anyway.  I  came  back  to  Pittsburg  about  a  week  after  I  was 
out  to  the  school  in  August  and  have  had  all  kinds  of  good  jobs  offered  me  this 
fall.  But  I  believe  I  have  the  best  thing  going  in  this  section  of  the  country  at 
present,  and  am  going  to  hold  it  for  a  while.  The  job  is  a  large  business  block, 
mostly  all  buff  press  brick  and  red  mortar,  paying  $7.15  per  day  and  no  lost  time, 
having  inside  work  for  storm)'  weather.  It  is  a  65-cent  job,  and  this  only  calls 
for  eight  hours,  but  we  work  ten  and  get  time  and  half  time  for  last  two  hours. 

“  Sincerely  yours, 

((  99 
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should  strictly  confine  themselves  to  the  work  of  making  journeyman 
mechanics,  and  not  attempt  to  trench  on  the  grounds  of  the  technical 
or  professional  schools.  I  desire  to  mention  that  the  upbuilding  of 
character  and  the  general  intellectual  development  of  its  pupils  should 
be  a  part  of  trade  as  well  as  other  schools.  An  ideal  pupil  for  a  trade 
school  would  be  a  graduate  of  a  manual  training  school.  Much  of 
the  accessor}'  academic  work  and  a  little  of  the  mechanical  could  be 
omitted  in  his  course,  and  almost  his  entire  time  devoted  to  subjects 
relating  directly  to  mechanical  instruction. 

I  suggest  the  propriety  and  the  desirability  of  working  in  harmony 
with  reasonable  desires  of  our  working  artisans.  I  think  a  school 
should  avoid  commercial  competition  with  employed,  as  well  as 
employers.  It  should  be  conducted  in  this  respect  on  the  same  lines 
as  the  professional  schools  in  colleges  and  universities. 

I  once  visited  a  trade  school  in  which  the  pupils  of  the  woodworking 
department  were  largely  employed  in  building  cheap  furniture.  1 
remarked  the  facility  with  which  a  scholar  was  turning  chair  rounds, 
and  asked  him  how  long  he  had  been  at  that  work.  He  replied, 
“Six  months,  and  they  keep  me  on  it  because  I  can  do  it  better  than 
any  other  boy  in  the  school.”  It  is  obvious  that  as  far  as  he  was  con¬ 
cerned  the  institution  was  a  factory  and  not  a  school.  School  practice 
would  have  moved  him  along  to  another  process  months  before,  when 
he  began  to  turn  rounds  with  facility. 

Almost  heroic  courage  is  required  to  hold  a  trade  school  from  com¬ 
mercial  manufacture,  and  also  from  changing  into  a  technical  or 
professional  institution.  In  a  liberally  endowed  school,  such  as  I 
represent,  where  the  support  as  well  as  the  educational  advantages 

is  entirelv  free,  some  of  the  difficulties  I  have  named  are  eliminated ; 

* 

and  yet  in  other  respects  I  question  seriously  the  advisability  of 
making  no  charge  whatever  for  benefits  given.  It  also  has  a  great 
advantage  in  the  large  choice  given  it  by  its  numerous  applicants. 
This  year,  for  instance,  less  than  one-sixth  of  those  desiring  admission 
can  be  received.  Within  the  limitations  of  Mr.  Williamson’s  founda¬ 
tion  deed  we  take  those  most  likely  to  make  good  mechanics  and 
citizens,  and  this  results  in  getting  an  intelligent  group  of  young 
men. 

In  closing,  allow  me  to  repeat  my  earnest  belief  in  the  efficiency  of 
trade  schools,  and  of  the  desirability  of  their  general  introduction 
into  our  country.  For  many  years  to  come,  however,  we  will  doubt¬ 
less  have  to  rely  for  most  of  our  supply  of  young  mechanics  on  our 
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manufacturers  and  builders,  and  I  rejoice  to  hear  that  much  thought 
is  being  given  by  them  to  improved  methods  in  that  direction. 


GENERAL  DISCUSSION. 

Henry  W.  Spangler. — Mr.  President  and  Gentlemen:  The  ground  has  been 
so  thoroughly  covered  by  the  previous  speakers  that  I  think  there  is  very  little 
additional  that  one  can  say.  We  are  all  very  much  of  the  same  mind,  I  am 
sure,  and  are  very  strongly  of  the  opinion  that  the  establishment  of  trade  schools 
devoted  exclusively  to  the  underlying  work  in  one  particular  line  is  absolutely 
the  next  step  in  the  educational  advancement  of  this  country.  I  think  that, 
perhaps,  before  the  establishment  of  such  schools  is  entirely  successful,  there 
must  be  a  great  deal  of  educating  done  in  the  way  of  convincing  the  parents 
of  these  young  men  of  their  value.  One  matter  was  touched  upon  by  the  last 
speaker  that  has  always  ipipressed  me  strongly.  The  pay  slip  he  held  up  before 
you  is  one  of  the  things  that,  to  my  mind,  are  proof  that  the  sort  of  education 
that  Williamson  School  is  doing  is  worth  having.  I  have  met  with  exactly 
the  same  thing  that  he  has  spoken  about,  in  reference  to  the  parents  preventing 
a  boy’s  taking  such  a  course.  I  remember  one  young  man  who  did  apply  for 
admission  to  the  Williamson  School.  The  parents  of  that  young  man  learned 
he  would  have  to  work  with  his  hands.  The  parents  were  living  on  $1800  a 
year,  but  that  their  son  should  work  with  his  hands  was  something  preposterous. 
The  last  I  knew  he  was  running  an  elevator  in  one  of  the  large  buildings  in 
Philadelphia.  A  great  deal  of  the  educating  we  have  to  do  just  at  present 
is  with  the  parents  rather  than  with  the  boys.  The  belief  that  this  sort  of 
education  does  add  to  a  man’s  earning  power  is  held  by  many,  but  there  is  a 
very  large  class  in  this  country  that  gives  the  matter  little  consideration.  You 
may  have  read  the  articles  that  have  appeared  in  some  of  the  magazines  as  to 
the  earning  power  of  various  professions,  and  I  do  not  know  but  that  a  par¬ 
ticularly  flattering  one  of  the  engineering  profession  was  among  them;  but  I 
remember  very  strongly  a  statement  made  that  in  one  of  the  large  cities  in 
tills  country,  the  average  earning  power  of  a  lawyer  was  less  than  a  thousand 
dollars  a  year;  and  I  have  heard  the  statement  made  that  in  Philadelphia  the 
average  earning  power  of  a  physician  was  less  than  the  same  amount.  We 
have  had  cited  a  case  of  a  young  man  whose  wages  were  already  more  than  a 
thousand  dollars,  and  the  possibilities  I  do  not  think  anybody  can  measure. 
I  think,  therefore,  that  considerable  work  must  be  done  with  the  parents  of 
these  young  men;  that  is,  the  middle  class  people,  to  which  most  of  us  belong, 
to  make  them  realize  fully  that  the  man,  if  he  works  with  his  hands,  if  he  works 
intelligent!)',  is  often  better  off  than  if  he  tries  to  enter  one  of  the  so-called 
learned  professions.  A  man  must  work  with  the  brain  and  the  hands  to  make 
a  success.  A  man  may  have  all  the  brains  in  the  world,  but  if  he  is  not  read)r 
to  get  down  to  work  he  is  sure  not  to  succeed.  This  question  is  being  agitated 
more  or  less  ever}r  year.  Our  Mechanical  Engineering  Society  and  the  Society 
for  the  Promotion  of  Engineering  Education  have  been  discussing  it  for  a  number 
of  years,  and  of  course  we  all  see  that  the  next  step  is  for  the  establishment 
of  the  schools  spoken  of  to-night.  I  think  it  is  worth  remembering — the  thought 
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brought  out  by  Professor  Marburg  and  emphasized  by  Mr.  Vauclain — that 
these  particular  trade  schools  are  the  particular  business  of  the  manufacturers, 
and  that  the  general  education  which  would  enable  a  man  to  do  the  work  in  any 
one  of  these  lines,  or  the  duty  of  giving  him  his  arithmetic  and  his  algebra, 
is  the  business  of  the  public,  and  as  soon  as  this  division  of  the  work  is  under¬ 
stood,  I  have  no  doubt  that  this  country  will  establish  sufficient  schools  to 
handle  a  large  portion  of  our  youth.  Until  we  do,  it  is  very  hard  to  see  how 
we  are  going  to  get  ahead  excepting  in  a  haphazard  sort  of  way. 

The  President. — The  meeting  will  be  pleased  to  hear  from  Mr.  L.  \Y.  Miller, 
Principal  of  the  School  of  Industrial  Art. 

L.  W.  Miller. — Mr.  Chairman:  I  am  very  sorry  to  have  been  deprived  of 
the  pleasure  of  listening  to  the  first  speakers,  and  I  hardly  know  where  I  come 
in  in  anything  that  can  be  called  a  discussion. 

If  my  experience  possesses  any  immediate  interest  in  connection  with  the 
subject  under  discussion,  it  is  because  the  School  of  Industrial  Art,  of  which 
I  am  Principal,  conducts  as  one  of  its  departments,  a  Textile  School,  the  oldest 
school  of  the  kind  in  America,  and  one  which  is  very  thoroughly  equipped 
to  give  practical  as  well  as  theoretical  instruction  in  every  branch  of  this  most 
important  industry.  Perhaps  my  idea  of  the  part  which  such  instruction  plays 
and  may  be  expected  to  play  in  the  training  of  the  mechanics  and  operatives 
of  the  future  is  somewhat  unlike  the  conception  of  the  subject  which  is  gener¬ 
ally  prevalent.  I  think,  for  example,  that  a  great  many  persons  entertain 
the  idea  that  the  mission  of  the  technical  school  is  to  supplant  or  supersede 
the  methods  of  instruction  in  the  trades  which  are  represented  by  the  apprentice¬ 
ship  system,  which  system  it  is  indeed  quite  common  to  refer  to  as  if  it  were 
something  entirely  outgrown  and  superseded  already,  and  as  if  we  who  are 
pleading  for  technical  schools  were  trying  to  devise  something  to  take  the  place 
which  had  thus  been  left  vacant.  Now,  it  seems  to  me  that  this  is  an  inadequate, 
not  to  say  false,  conception  of  what  technical  instruction  means,  or  aims  to 
accomplish.  As  I  understand  it,  the  aim  of  such  instruction  is  not  to  supplant, 
but  to  supplement  the  training  of  the  shop  and  the  mill.  Frankly,  I  do  not  see 
how  we  are  ever  to  do  without  this  last.  I  do  not  see  how  the  workman  is  ever 
to  be  made  except  in  the  atmosphere  and  under  the  conditions  where  other 
workmen  live,  and  where  traditions  and  standards,  for  which  I  cannot  conceive 
of  there  being  any  substitutes,  direct  the  efforts  of  the  novice  into  the  only 
channels  which  experience  will  prove  as  economical  and  practical.  But  the 
technical  school  can  do  a  great  deal.  I,  for  one,  think  it  is  the  only  agency 
we  have  which  is  able  to  fit  the  workman  for  those  changed  and  rapidly  changing 
conditions  and  increasing  requirements  which  make  the  modern  workman  a 
very  different  workman  from  his  predecessor,  and  will  make  those  immediately 
to  come  after  him  very  different  still.  In  other  words,  the  requirements  of 
modern  industry  are  very  different  from  those  of  the  old  industry,  and  the 
successful  workman  has  not  only  got  to  be  a  good,  well-trained  workman,  but 
he  has  got  to  be  an  educated  man.  And  so  it  is  not  what  the  old  apprentice¬ 
ship  did  for  him  that  he  is  to  get  in  t lie  school,  but  what  it  did  not  and  cannot 
do  for  him.  I  look,  therefore,  to  the  development  of  the  technical  school  along 
the  lines  of  continuing  schools — the  lines  that  shall  supplement,  not  supplant, 
experience  gained  in  the  shop  and  the  mill.  We  get  in  our  school  the  apprentices 
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themselves — those  who  are  pretty  well  along.  They  add  what  the  school  has 
to  give  them  to  what  they  have  already  learned  in  the  mill.  Of  course,  they 
are  not  all  that  kind.  There  are  also  the  men  who  have  not  had  the  apprentice¬ 
ship  and  whose  aim  is  not  so  much  to  become  good  workmen  as  well-informed 
managers.  These  are  the  college  men.  When  they  come  to  us  they  are  men 
who  see  their  opportunity  in  connection  with  this  industry  and  know  that 
this  is  likely  to  be  their  lifework.  But  whether  they  come  to  us  through  the 
office  or  through  the  weaving-room  does  not  so  much  matter  so  long  as  they 
are  men  who  want  to  learn  and  have  a  certain  start  already  which  the  school 
can  assist  and  develop.  Our  idea  is  that  the  school  should  be  strong  enough 
on  the  side  of  general  education  to  broaden  and  strengthen  the  man  who  is 
already  a  good  workman,  and  technical  enough  to  give  the  college  man  an  in¬ 
telligent  insight  into  manual  and  mechanical  processes  which  would  otherwise 
have  to  be  learned  in  the  mill.  Now,  in  this  way  the  requirements  of  modern 
industry  are,  as  I  think,  to  be  met.  Technical  training  must  be  associated 
with  scientific  and  artistic  training.  The  element  of  design  must  be  cultivated; 
that  element  which  directs  and  gives  character,  gives  its  finest  character  to 
ever  so  many  of  our  products.  I  do  not  think  art  is  the  only  thing  in  the  world, 
but  I  think  it  is  a  tremendously  big  thing  and  plays  a  large  part.  The  artistic 
element  and  the  scientific  element — these  are  the  things  which  have  got  to  be 
added  to  the  training  of  the  apprentice  everywhere.  The  questions  which  nre  of 
most  importance  to  him  are  questions  which  cannot  be  answered  in  the  weaving- 
room,  or  the  spinning-room,  or  the  dye-house.  They  cannot  possibly  be  answered 
there.  The  men  who  general^  manage  these  departments  cannot  teach  the 
young  man  who  is  coming  on  the  things  he  wants  to  know.  Moreover,  they 
cannot  teach  the  things  they  do  know  as  quickly,  as  directly  as  they  can  be 
learned  in  a  well-equipped  school.  If  we  are  to  have  men  come  up  to  the  re¬ 
quirements  of  modern  industry  in  chemistry,  in  mechanics,  in  taste  and  design, 
all  that  the  shops  and  mills  can  possibly  provide  in  the  way  of  training  must  be 
supplemented  by  the  methods  of  the  organized  school.  The  man  who  is  turned 
out  by  this  kind  of  school  is  the  man  on  whom  modern  industry  and  the  industry 
of  the  future  are  coming  to  depend  more  and  more.  It  is  an  ever-involving 
and  ever-extending  problem,  and  the  only  way  to  meet  it  is  to  develop  an  educa¬ 
tion  as  strong  and  as  rich  as  we  can  make  it,  yet  so  distinctly  and  directly  anchored 
to  the  actual  needs  developed  in  the  shop  and  the  mill,  that  they  shall  find  their 
application  there  directly,  and  shall  be  seen  and  felt  to  be  of  use  to  practical 
men. 

I  was  immensely  interested  in  Professor  Spangler’s  allusion  to  the  family 
question.  My  own  experience  is  practically  the  same.  A  fine  young  fellow 
came  to  our  school  from  the  South — some  of  the  finest  fellows  we  get  nowadays 
come  from  the  South.  One  earnest,  intelligent,  and  enthusiastic  young  fellow 
said  when  he  came  away  his  mother  actually  grieved  and  said :  “  I  didn’t  know 
that  a  son  of  this  house  would  ever  come  to  that — to  earn  his  living  by  Iris  own 
efforts.”  Just  think  of  that.  If  technical  education  does  nothing  else  but 
rehabilitate  labor  where  it  belongs,  if  it  does  nothing  but  that,  it  will  be  well 
worth  all  that  it  is  to  cost.  This  rehabilitation  will  come  with  the  professional 
atmosphere,  the  professional  attitude  toward  craftsmanship  of  every  kind 
which  the  school  will  cultivate.  Without  the  enriching  and  deepening  of  in- 
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dustrial  effort  by  the  methods  of  the  school  supplementing  those  of  the  shop, 
you  cannot  make  the  mechanic  of  the  future. 

The  President. — The  meeting  will  be  pleased  to  hear  from  Mr.  Simms  on 
the  subject. 

W.  H.  Simms. — Mr.  Chairman  and  Gentlemen:  Our  work  is  principally  through 
the  Young  Men’s  Christian  Association  at  West  Philadelphia.  We  there  have 
1600  men  members.  There  are  400  members  in  the  evening  classes.  The 
schedule  of  these  classes  is  arithmetic,  bookkeeping,  etc.  Electricity  is  studied 
as  applied  to  the  railroad,  the  wires  connecting  with  the  lines  on  the  road;  the 
block  signal  system;  English,  mechanical  drawing  (mechanical  drawing  is  pulling 
up  very  strong),  penmanship,  shorthand  (speed  classes),  telegraphy.  Then 
we  have  day  classes  for  the  night  men  who  are  employed  at  night.  They  study 
two  days  in  the  week  in  the  mornings.  In  addition  to  that,  they  study  air 
brakes  and  braking.  Now,  it  may  not  seem  that  this  has  much  application  to 
industrial  training,  but  it  does  have  some  relation  to  the  comfort  of  you  gentle¬ 
men.  With  air  brakes  we  at  times  have  a  great  deal  of  trouble,  trains  being 
handled  roughly,  resulting  in  flat  wheels  and  the  destruction  of  the  equipment; 
and  these  classes  have  aided  materially  in  that  direction.  We  have  taught  a 
more  systematic  application  of  the  brakes,  and  have  a  great  deal  less  discomfort. 
Steam  heating  of  trains  is  carefully  studied,  and  we  have  gained  considerably 
in  that  direction;  trains  are  now  much  better  heated  and  a  better  temperature 
is  maintained.  Car  defects  and  car  repairs  are  carefully  studied,  and  we  have 
made  great  gains  in  that  direction.  Valve  motion  and  engine  construction 
are  well  taken  care  of.  In  addition  to  dealing  with  the  men,  we  reach  out  for 
the  boys,  and  we  have  225  boys  who  are  sons  of  railroad  men.  These  boys 
range  from  ten  to  sixteen  years  of  age.  They  are  given  physical  training,  have 
the  use  of  the  laboratory  and  the  reading-room.  They  are  instructed  in  type¬ 
writing,  bookkeeping,  and  office  work — the  preparation  of  manifests  and  filing. 
They  are  taken  out  for  recreation  and  study  to  the  railroad  shops,  to  the  ship¬ 
yards,  and  sometimes  go  away  to  visit  cities.  We  sent  a  party  of  them  to 
Buffalo.  They  went  about  and  studied  the  Exposition,  and  some  made  reports 
on  what  they  had  seen  there.  They  have  been  to  Washington,  New  York, 
Buffalo,  and  are  expected  to  study  and  report  upon  the  places  visited.  I  have 
seen  a  number  of  reports  from  one  boy  in  particular  who  has  made  these  tours. 

I  appreciate  and  feel  the  truth  of  what  has  been  said  here  to-night.  It  has 
been  my  misfortune  to  belong  to  that  great  majority  that  Professor  Marburg 
spoke  of,  who  failed  to  secure  an  education.  Whatever  I  may  say  of  myself, 
I  beg  to  be  considered  in  an  impersonal  sense.  I  never  crossed  the  threshold  of 
a  school  after  ten  years  of  age,  and  began  my  career  in  early  life  on  a  freight 
train;  have  been  freight  conductor,  passenger  conductor,  train-master, and  station- 
master;  in  my  earlier  life  the  great  trouble  was  to  find  a  way  to  learn,  to  find 
some  one  who  would  teach,  and  so  I  blundered  and  groped  and  felt  my  way  as 
best  I  could,  and  I  gratefully  appreciate  what  has  been  pointed  out  to-night — 
the  great  needs  of  the  untrained  class,  and  the  way  to  meet  these  needs. 

In  our  Y.  M.  C.  A.  work  we  are  trying  to  fill  something  of  that  need— in  a 
limited  measure,  it  is  true;  and  yet  we  give  and  take  from  each  other,  and  col¬ 
lectively  we  improve  and  advance.  My  ears  are  probably  closer  to  the  earth 
than  most  of  you  gentlemen,  who  are  so  much  above  me,  and  I  realize  some- 
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thing  of  the  longings  and  needs  of  the  great  mass  of  uneducated  and  untrained 
men.  We  often  meet  the  practical  man  who  has  strong  prejudices  and  ill-feeling 
toward  trained  technical  gentlemen  like  yourselves;  but,  as  I  have  often  re¬ 
marked,  t he  Brooklyn  bridge  swung  in  the  mind  of  Roebling  before  it  was  ever 
hung  in  steel;  and  the  Vauclain  compound  engine  throbbed  in  Mr.  Vauclain’s 
brain  before  it  was  ever  constructed.  Our  railroad  men,  car  inspectors,  me¬ 
chanics,  trainmen,  and  others  are  realizing  their  handicap  for  the  lack  of  training, 
and  they  are  reaching  out  to  secure  this  training  in  order  to  get  some  small 
measure  of  the  grand  equipment  that  you  men  possess.  On  our  railroad  to-day, 
of  the  great  number,  there  are  a  few  well-equipped,  technically  trained  gentlemen, 
like  our  Mr.  Richards  here;  but  there  are  a  great  host  of  men  untrained,  and 
some  who  are  striving  most  diligently  to  overcome  their  disadvantages.  Men 
come  into  our  engineering  corps  or  drafting-rooms  from  the  great  universities, 
men  from  Yale  and  Harvard,  who  will  start  at  $45.00  a  month  and  work  with 
all  the  freshness  and  enthusiasm  of  youth;  no  day  is  too  long  for  them,  no  work 
too  hard;  and  I  often  point  them  out  as  examples  to  poor  men  who  are  compelled 
to  work  for  their  daily  bread,  and  emphasize  the  fact  that  the  man  with  the 
best  training  and  capacity  for  work  is  bound  to  be  the  master  in  the  end. 

We  feel  encouraged  in  the  gain  and  scope  of  the  work  we  are  doing  through 
the  Y.  M.  C.  A.,  and  yet  we  are  perplexed  by  the  mass  of  ignorant  people  who 
will  not  study;  for  the  worse  curse  of  man  is  not  simply  ignorance,  but  to  be 
ignorant  of  one’s  own  ignorance;  but,  with  the  realization  of  one’s  ignorance 
comes  the  longest  stride  in  the  direction  of  advancement. 

John  Birkinbine. — Mr.  President:  You  probably  feel  justified  in  calling  upon 
me  to  take  part  in  this  discussion,  although  I  was  prevented  from  hearing  the 
earlier  portion  of  it,  for  my  position  as  President  of  the  Franklin  Institute  brings 
me  in  close  touch  with  educational  matters.  You  are  aware  of  the  fact  that  this 
ancient,  respected,  but  unfortunately  poor  organization  has  been  the  means  of 
helping  a  large  number  who  show  a  desire  to  aid  themselves.  This  has  been 
done  by  its  night  schools,  which  have  been  continued  for  over  three-quarters 
of  a  century,  and  which  were  among  the  earliest  efforts  of  the  Institute.  At 
this  season  of  the  year,  for  five  nights  in  each  week,  young  men  who  are  working 
with  their  hands  all  day  are  endeavoring  to  advance  themselves  by  instruction 
in  the  Drawing  Schools,  in  the  School  of  Machine  Design,  or  in  the  School  of 
Naval  Architecture  which  are  carried  on  under  the  auspices  of  the  Institute. 

A  retrospect  of  the  last  fifty  years  causes  us  to  congratulate  ourselves  as 
engineers  upon  what  has  been  accomplished  in  that  time,  but  if  there  have  been 
greater  advances  in  this  interval  than  ever  before,  it  is  undoubtedly  largely 
due  to  the  fact  that  we  have  studied  more  and  have  realized  what  it  is  necessary 
to  study;  in  fact,  a  more  general  and  liberal  application  of  education  can  be 
credited  with  much  of  the  material  progress  in  which  we  now  delight. 

Among  those  who  have  aided  in  the  local  advancement  of  education  of  the 
class  discussed  this  evening,  few  have  done  better  than  the  late  M.  I.  V.  William¬ 
son,  and  I  speak  not  from  personal  knowledge  due  to  visits  to  the  institution, 
but  because  I  was  informed  by  the  manager  of  one  important  industrial  enter¬ 
prise  that  he  is  ready  to  accept  any  graduate  of  this  school  and  place  him  in 
his  machine  shop  at  a  compensation  of  twelve  dollars  per  week.  This  would 
indicate  that  the  school  is  truly  a  success  and  that  the  young  men  who  are  trained 
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at  that  school  are  securing  what  they  couhl  not  obtain  except  owing  to  the  cir¬ 
cumstances  which  encouraged  Mr.  Williamson  to  provide  so  generously  for  its 
endowment. 

There  are  many  who  are  prevented  from  obtaining  a  full  technical  education 
or  whose  time  or  facilities  do  not  permit  them  taking  advantage  of  some  of  the 
special  courses  or  night  schools,  and  hence  we  may  look  with  approval  ujxm  the 
efforts  made  by  correspondence  schools.  An  education  obtained  from  a  corre¬ 
spondence  school  is  certainly  far  from  being  as  good  as  that  resulting  from  per¬ 
sonal  contact  with  preceptors,  nor  do  I  understand  that  the  correspondence 
schools  claim  to  give  as  good  an  education  as  can  be  secured  by  a  regular  course 
under  personal  direction,  but  that  they  help  men  who  are  ready  to  help  them¬ 
selves  is  undoubtedly  true.  The  system  adopted  bv  the  correspondence  schools 
is  perforce  a  routine  matter,  the  problems  are  largely  stock  questions  and  are 
passed  upon  without  personal  contact  between  student  and  preceptor,  but  the 
courses  certainly  encourage  those  who  enter  them  to  follow  a  definite  line  of 
inquiry,  and  students  are  encouraged  to  maintain  their  standing  and  their  work 
by  constant  surveillance.  A  correspondence  school,  properly  conducted,  in 
which  the  profit  derived  from  the  students  is  not  made  the  primary  feature,  can 
undoubtedly  do  a  large  amount  of  good,  and  many  thus  obtain  an  education 
which  would  seem  to  be  impossible  for  them  in  any  other  way. 

The  value  of  a  technical  education  cannot  be  overestimated.  Several  years 
ago,  at  one  of  the  annual  alumni  dinners  of  my  alma  mater,  an  alumnus  who 
graduated  as  a  mechanical  engineer,  in  addressing  the  assembly,  stated  that  he 
was,  and  had  been  for  some  time,  president  of  an  important  law  school  in  the 
city  of  New  York.  This  seemed  to  be  a  peculiar  position  for  an  engineering 
graduate  to  occupy,  but  in  his  address  the  speaker  emphasized  the  fact  that  al¬ 
though  subsequent  to  his  graduation  as  an  engineer  he  had  studied  law,  there 
was  no  part  of  his  education  of  greater  service  to  him  than  the  technical  portion 
which  he  gained  at  college,  as  it  taught  him  that  he  must  have  a  reason  for  every¬ 
thing  he  did. 

Are  not  our  industrial  schools  giving  to  those  who  patronize  them  just  such  a 
basis?  The  graduates  not  only  know  how  to  do,  but  also  why  they  do;  and  we 
who  are  rated  as  engineers  can  give  encouragement  and  co-operation  to  all  enter¬ 
prises  which  aid  a  man  who  is  learning  a  trade  ami  who  feels  that  there  is  a  higher 
place  for  him.  May  not  these  draftsmen,  mechanics,  or  young  men  who  are 
striving  to  follow  some  specialty  feel  that,  although  they  may  not  win  a  degree, 
their  efforts  are  recognized  and  they  are  respected  for  what  they  have  attempted 
to  do? 

Reference  has  been  made  here  to  the  practical  work  of  the  Philadelphia 
branch  of  the  Railroad  Y.  M.  C.  A.,  and  it  is  a  pleasure  to  bear  testimony  from 
personal  knowledge  of  the  practical  value  of  the  work  of  this  organization  and 
the  material  assistance  it  has  given  in  advancing  some  of  the  men  who  have 
taken  advantage  of  its  facilities. 

There  is  probably  as  much  value  in  a  technical  education  for  a  practical  man 
as  in  practice  for  a  technical  man,  and  where  the  opportunity  is  taken  advantage 
of  so  that  both  of  these  important  branches  receive  attention,  the  man  or  woman 
is  better  fitted  for  life-work.  Personally,  the  experience  I  gained  in  handling 
the  cold  chisel  as  an  apprentice  in  the  shop  has  appeared  to  be  of  as  much  service 
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to  me  as  my  technical  education,  anti  we  cannot  too  strongly  commend  the  sys¬ 
tem  which  is  growing  rapidly  to  give  to  students  some  opportunity  either  to  do 
manual  work  or  to  become  familiar  by  repeated  visits  and  critical  inspection  of 
practical  work  in  process  of  construction  or  operation. 

L.  F.  Rondinella. — It  is  perhaps  better  known  elsewhere  than  in  Philadel¬ 
phia  that  this  was  the  first  city  to  incorporate  manual  training  schools  in  its 
system  of  public  education,  the  Central  Manual  Training  School  having  been 
established  at  Seventeenth  and  Wood  Streets  sixteen  years  ago.  Those  of  us 
who  are  engaged  in  this  “new  education”  are  still  combating  a  popular  misun¬ 
derstanding  of  the  purpose  of  these  schools,  which  is  due  to  the  fact  that  the 
name  of  its  one  distinctive  feature  is  used  to  cover  the  broadest  system  of  second¬ 
ary  education  that  has  yet  been  devised.  I  wish  therefore  to  emphasize  Prof. 
Marburg’s  statement  that  ‘‘manual  training  schools  are  not  trade  Schools  and 
were  never  intended  as  such,”  especially  since  the  speaker  who  followed  him  has 
said It  may  be  claimed  .  .  .  that  the  so-called  manual  training  schools 

of  the  country  are  sufficient  and  well  adapted  to  educating  ...  a  class  of 
skilled  workmen,  .  .  .  but  it  is  a  fact  that  these  schools  are  lamentably 
behind  the  times  in  all  that  appertains  to  the  various  trades  as  practised  in 
America  to-day.”  Other  critics  condemn  the  manual  training  schools  either 
because  they  do  not  turn  out  skilled  mechanics  or  because  they  (are  wrongly  sup¬ 
posed  to)  compete  with  trade  schools  in  attempting  to  do  so.  The  manual  train¬ 
ing  school  course  is  that  of  the  usual  high  school  with  the  omission  of  Latin, 
Greek,  and  the  more  purely  theoretical  studies,  and  the  addition  of  more  thor¬ 
ough  laboratory  instruction  in  science,  drawing,  and  the  principles  of  wood-  and 
metal-working.  By  making  him  apply  his  theoretical  knowledge  in  practical 
exercises,  it  trains  the  hands  and  eyes  of  a  boy  as  well  as  his  brain,  and  tends  to 
develop  all  his  faculties.  It  stands  for  general,  not  special,  education;  e.  g.,  its 
course  in  metal  work  is  no  more  intended  to  make  of  its  students  skilled  machinists 
than  is  its  course  in  trigonometry  intended  to  make  them  civil  engineers.  When 
the  broad  scope  of  the  manual  training  school  is  generally  understood,  I  think  it 
will  be  easy  to  impress  the  need  of  the  industrial  or  trade  school  as  one  step  further 
along  in  our  system  of  public  education.  The  “manual  training”  education  has 
proved  itself  to  be  the  best  preparation  for  any  scientific  college  course,  and  as 
Mr.  Shrigley  has  said,  it  would  be  the  ideal  preparation  for  a  technical  course  in 
any  of  the  trades.  Manual  training  schools  will  multiply  and  trade  schools  will 
come  when  more  parents  who  wish  success  for  their  sons  are  made  to  understand 
that  a  few  additional  years  spent  in  practical  education  will  be  made  up  many- 
fold  by  their  more  rapid  progress  in  business  life. 

If  there  is  time,  I  should  like  Mr.  Vauclain  to  give  us  the  particulars  regarding 
the  three  grades  of  indentures  for  apprentices,  and  the  systematic  educational 
work  now  being  carried  on  at  the  Baldwin  Locomotive  Works. 

Mr.  Vauclain. — It  gives  me  great  pleasure  to  outline,  for  the  benefit  of  you 
all,  the  system  of  indentures  that  we  have  undertaken  to  establish.  In  handling 
several  thousand  apprentice  boys  it  became  apparent  to  me  that  no  matter  how 
well  the  apprentice  was  taught  in  the  workshops,  or  how  much  he  was  encouraged 
to  go  to  the  various  night  schools  in  our  city,  such  as  the  Franklin  or  Spring 
Garden  Institute,  the  Young  Men’s  Christian  Association,  Drexel,  or  others  for 
the  technical  part  of  his  education,  we  found  that  he  desired  something  to  show 
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that  he  had  learned  the  art  or  that  he  had  served  a  specific  time  at  this  art.  In 
other  words,  he  was  just  as  anxious  to  get  his  diploma  as  the  young  man  who  grad¬ 
uates  from  the  University,  or  from  Sibley  or  Stevens,  or  some  such  institution, 
and  in  my  opinion  was  just  as  much  entitled  to  it.  It  became  apparent  to  me, 
also,  that  if  we  were  to  remain  successful  in  competition  with  the  world  we  would 
have  to  get  to  work  at  once  and  systematically  educate  our  apprentices,  not  only 
in  so  far  as  the  handicraft  is  concerned,  but  that  they  should  have  a  certain 
amount  of  technical  knowledge  to  go  with  it,  and  that  that  technical  knowledge 
should  go  hand  in  hand  with  the  manual  training  that  they  were  receiving  in  the 
shops.  Very  naturally,  the  thought  occurred  to  me,  “What  are  we  going  to  do 
with  the  great  unwashed — the  boys  who  cannot  go  to  school — the  boys  who  are 
turned  out  of  the  grammar  schools  perhaps  before  they  have  barely  entered 
them?”  The  parents  must  put  those  boys  to  work,  and  fortunately  for  us,  the 
laws  of  Pennsylvania  relieve  us  of  this  mass  of  humanity — poorly  trained,  poorly 
educated,  and  with  the  greed  of  gain  the  only  thought  their  parents  have  in  placing 
them  at  work.  The  law  forbids  the  employment  of  any  boy  under  sixteen  years 
of  age,  and  over  thirteen  only  when  his  parents  go  before  a  magistrate  and  get 
a  permit;  consequently  we  are  able  to  keep  out  of  our  workshops  all  boys  under 
sixteen,  except  those  who  are  the  sons  of  widows  and  who  must  have  employ¬ 
ment  somewhere.  Those  boys  we  employ  as  messengers,  and  keep  them  and 
train  them  and  bring  them  along  until  such  time  as  we  can  put  them  to  a  trade. 
Our  idea  in  establishing  three  grades  of  apprentices  was  to  take  care  of  the  three 
grades  of  boys  that  come  to  us.  First,  the  boys  of  the  masses — the  boys  of  or¬ 
dinary  education — very  ordinary  education  indeed;  these  boys  we  compel  to 
remain  with  11s  four  years.  We  require  that  they  shall  go  outside  at  night  to 
some  of  the  many  night  schools  and  take  a  one  year’s  course  in  elementary  geom¬ 
etry  and  algebra  in  order  to  get  a  slight  knowledge  of  them.  The  second  and 
third  years  they  must  attend  drawing  school.  They  must  take  a  two  years’  course 
in  drawing  outside  of  the  workshops.  At  the  expiration  of  the  four  years  we 
give  these  btoys  a  bonus  and  we  discharge  them  from  our  employ.  They  get  a 
diploma — their  indenture  is  their  diploma;  their  bonus  is  their  reward  and  the 
wherewith  to  go  elsewhere  and  seek  employment.  Now,  the  high  school  boy  is 
a  well-educated  boy.  I  defy  any  young  men  of  eighteen  to  go  before  an  employer 
with  a  better  education  than  those  boys  who  come  to  us  from  our  Philadelphia 
High  School.  He  has  a  good  knowledge  of  geometry  and  many  of  the  higher 
branches  of  mathematics;  he  knows  something  of  mechanical  drawing — enough 
to  go  on  with  the  work.  Therefore,  we  omit  with  this  boy  the  preliminary  course 
in  elementary  algebra  and  geometry,  and  we  prescribe  that  for  two  years  he  must 
attend  night  school  in  mechanical  drawing  in  order  to  perfect  himself — in  order  to 
learn  to  express  his  thoughts  upon  paper  as  he  absorbs  ideas  in  the  workshop.  We 
also  give  this  young  man  a  bonus,  and  we  only  require  three  years  of  service  from 
him  on  account  of  the  superior  education  he  has  when  he  comes  to  us.  The 
superior  education  enables  us  to  more  quickly  grasp  the  needs — the  place  to  put 
him — and  he  more  or  less  readily  absorbs  the  instructions  given  him  from  his 
immediate  superiors  through  the  superintendent  of  the  shop.  The  bonus  this 
young  man  gets  is  $100  in  place  of  the  $125  of  his  more  unskilled  companion. 
This  $100  we  think  is  sufficient  to  enable  him  to  go  elsewhere  and  secure  employ¬ 
ment,  and  we  are  never  ashamed  to  let  one  of  these  apprentices  go  for  that.  He 
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always  shows  up  well.  The  third  man  to  take  care  of  is  the  graduate  of  our 
universities — the  ordinary  mechanical  engineer  who  comes  to  us  not  quite  so 
green  as  grass  so  far  as  mechanical  handicraft  is  concerned.  He  is  willing  to  get 
down  to  the  hardest  work  we  have  in  our  shop,  and  he  works  at  it  like  a  steam 
engine.  He  has  all  the  technical  knowledge  that  is  necessary.  He  has  it,  but 
he  does  not  know  how  to  use  it.  We  encourage  him  in  this  manner:  We  cannot 
indenture  him,  being  a  man,  but  we  make  a  specific  contract  with  him  for  two 
years  and  pay  him  enough  to  keep  body  and  soul  together.  We  give  him  thirteen 
cents  an  hour  for  the  first  year  and  sixteen  cents  an  hour  for  the  second  year,  and 
a  clean  certificate  at  the  end  of  that  time.  We  have  not  had  a  man  of  that  de¬ 
scription  for  that  length  of  time  who  has  not  been  lifted  out  of  the  position  he 
had  contracted  for  and  is  enjoying  a  very  much  more  remunerative  position  and 
in  the  line  of  promotion.  Now,  it  is  from  these  men  that  we  must  fill  the  superior 
offices  in  our  workshop,  and  these  boys  we  promote.  The  man  or  boy  who  has 
determined  to  get  to  the  top  and  will  burn  his  candle  at  night  to  gain  the  knowl- 
edge  that  his  more  favored  companion  has  received  in  a  better  institution  of 
learning  than  he  has  attended,  also  gains  his  reward.  The  third  boy  we  must 
have  to  fill  the  ordinary  ranks  in  the  workshops,  and  the  better  educated  we  can 
have  the  ordinary  rank  and  file  in  our  workshops,  the  better  chance  we  will  have 
of  competing  with  our  foreign  manufacturers,  the  better  chance  we  will  have  of 
extending  the  markets  of  American  manufactures  throughout  the  world,  and  it 
is  only  by  this  that  we  can  do  so.  You  have  asked  me  why  we  can  afford  to  do 
this — why  we  can  afford  to  turn  away  from  the  doors  every  year  several  hundred 
young  men.  We  do  not  expect  to  keep  them  all.  We  will  keep  the  better  ones 
that  we  come  across  from  time  to  time.  We  promote  them  so  that  their  ambition 
will  permit  them  to  stay  with  us.  Have  you  not  already  seen  the  point?  Every 
one  of  these  men  that  go  forth  from  an  establishment  of  this  kind  will  sing  its 
praises  forever.  They  will  shout  just  as  lustily  for  the  Baldwin  Locomotive 
Works  as  they  have  done  for  Yale,  Harvard,  or  the  University,  or  any  other  in¬ 
stitution  they  have  left.  You  will  have  an  advertising  medium  that  cannot  be 
surpassed  by  anything;  and  further  than  that,  you  will  have  established  in  your 
own  workshop  a  set  of  men  that  will  be  invaluable,  that  you  can  never  hire  in  the 
open  market.  When  I  hear  a  manager  say  he  has  had  so  many  men  call  in  his  efforts 
to  secure  a  foreman,  he  has  tried  and  tried  to  get  certain  men  to  do  certain  work 
and  failed,  I  pity  that  man.  That  man  has  not  the  courage  to  go  down  in  his 
pocket  and  labor  for  a  few  years  to  train  men  to  fill  those  positions,  and  if  you 
can  put  out  your  coin,  if  you  have  the  small  courage  to  hand  it  over  to  these  young 
men,  you  will  get  it  back  tenfold  before  you  know  where  jmu  are. 

Edgar  Marburg. — I  should  like  to  ask  Mr.  Vauclain  to  what  extent  the  in¬ 
struction  of  the  apprentices  is  conducted  under  the  direct  supervision  of  the 
Baldwin  Locomotive  Works. 

Mr.  Yauclain. — The  Baldwin  Locomotive  Works  do  not  intend  to  give  night 
instruction.  They  do  not  intend  to  impart  the  technical  knowledge.  We  de¬ 
pend  upon  the  various  night  schools  established  throughout  the  city,  and  we 
pray  for  the  establishment  of  more  and  better  night  schools  to  give  instruction 
for  that  portion  of  the  training  of  the  apprentices.  The  manufacturer  has  the 
commercial  side  of  the  question  to  deal  with.  He  can  impart  the  commercial 
side  of  the  business  in  connection  with  the  technical  training.  He  must  be  a 
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manual  student  commercially.  He  must  he  able  to  make  that  work  pay.  He 
must  be  able  to  get  it  out  for  a  certain  sum  of  money,  and  he  must  be  able  to  get 
it  out  well  for  that  money,  because  the  better  his  product  is,  the  more  work  will 
come  into  that  workshop;  and  therefore,  if  the  foremen,  or  the  superintendent,  or 
the  owners,  or  the  managers  of  these  manufacturing  institutions  will  give  their 
time  and  attention  to  the  handicraft, — the  manual  training, — they  certainly 
should  expect  to  get  the  technical  portion  for  the  work  of  their  students  outside. 
Now,  in  order  to  make  a  scheme  of  this  sort  successful,  one  must  make  a  business 
of  it.  You  cannot  hand  these  boys  over  to  the  tender  mercies  of  a  foreman, 
because  it  is  not  one  out  of  fifty  who  can  take  a  boy  and  who  can  say  to  himself, 
“That  boy  is  perfect  on  that  work;  here,  give  him  another  planer;  there  is  no 
use  keeping  that  boy  on  that  work  any  longer.”  No,  he  will  keep  him  there 
until  the  superintendent  says,  “You  must  not  keep  that  boy  there  any  longer; 
you  are  doing  him  an  injustice.”  In  order  to  avoid  such  a  condition  of  affairs  I 
felt  that  we  should  have  a  superintendent  of  apprentices — a  man  whose  business 
was  to  look  after  the  apprentices  not  only  in  the  shop,  but  out  of  the  shop — a  man 
who  would  see  that  he  is  taken  care  of  and  see  that  the  foreman  does  not  take 
advantage;  but  as  fast  as  the  boy  learns,  he  must  be  pushed  along.  We  hire 
him  for  what  he  learns  from  us  for  the  future,  and  we  must  have  that  boy  pushed 
along  so  that  he  can  learn,  so  that  he  can  absorb  everything  that  is  capable  of 
being  absorbed  in  that  shop.  If  he  is  not  capable  of  being  pushed  along  so  fast, 
he  is  pushed  along  slowly  and  more  care  is  taken  of  him.  We  do  not  want  to 
allow  that  boy  to  sink  down  into  disappointed  youth.  We  just  want  him,  when 
he  is  twenty-one,  to  be  able  to  work  and  to  go  on  and  keep  on  working  with  irre¬ 
sistible  energy.  Now,  this  superintendent  of  apprentices  must  do  that  work,  and 
he  must  further  see  that  the  boy  carries  out  his  side  of  the  contract — that  he 
attends  these  night  schools.  He  must  see  where  he  goes;  he  must  examine  into 
the  matter;  he  must  see  the  boy’s  teacher  or  professor,  and  he  must  report  upon 
that  boy’s  progress,  so  that  we  can  form  a  determination  of  the  value  of  this  ap¬ 
prentice  from  a  technical  standpoint.  We  find  it  very  difficult  to  provide  for  a 
certain  branch  of  this  work,  but  great  effort  is  being  made  to  carry  it  on  for  any 
number  of  boys.  The  public  schools  are  taking  an  interest;  everybody  will  take 
an  interest  in  it  after  a  while  when  it  becomes  known.  It  is  the  right  policy  if  we 
can  only  interest  manufacturers  to  establish  a  system  of  this  kind.  All  those 
interested  will  find  all  they  can  do  to  keep  up  with  the  other  end  of  the  business 
if  the  manufacturer  will  take  care  of  the  handicraft;  and  until  that  time  does 
come,  if  we  cannot  obtain  the  technical  education  for  these  young  men  outside  at 
night,  as  we  should,  the  only  thing  to  do  is  to  establish  an  educational  institution 
of  our  own  and  take  these  boys  so  many  hours  from  work  and  say  you  must  go 
there  and  receive  it.  Insist  upon  it.  It  don’t  cost  much.  You  can  get  a  good 
educator  for  $3000  a  year,  and  what  is  $3000  when  you  divide  it  up  among  a 
thousand  boys?  Three  dollars  for  each  boy;  and  if  those  boys  are  worth  any¬ 
thing  they  will  not  only  earn  their  wages,  but  they  will  earn  a  great  deal  more. 
They  will  earn  the  money  you  might  spend  upon  their  education,  and  in  the  years 
to  come  they  will  be  grateful  for  the  trouble  you  have  taken  to  make  better-men 
of  them. 

Mr.  Simms. — I  would  like  to  ask  Mr.  Vauelain  a  question.  Some  one,  Emer¬ 
son,  I  think,  said  that  every  great  institution  is  but  a  lengthened  shadow  of  some 
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great  man,  and,  from  what  we  know  of  Mr.  Vauclain,  we  can  believe  that 
Baldwin’s  Locomotive  Works  represents  something  of  his  shadow.  I  would  like 
to  ask  Mr.  Vauclain  if  he  can  say  whether  or  not,  taking  the  last  six  months  of 
the  work  of  the  three  grades,  the  high  school  or  the  university  men  show  a  decided 
advantage  and  adaptability  with  tools  and  otherwise  over  the  other  class  that 
lack  education. 

Mr.  Vauclain. — That  goes  without  question.  The  better  educated  a  young 
man  is,  the  better  his  work  is  all  the  way  through;  that  is,  I  am  speaking  of  them 
as  a  whole — as  an  entirety.  You  occasionally  find  a  young  man  who  has  had  no 
chances  when  he  was  young — a  boy  perhaps  that  we  have  taken  in  as  an  errand 
boy,  whom  we  have  brought  along  and  raised  by  common  education.  The  fore¬ 
men  give  him  a  book  on  arithmetic,  and  they  let  him  work  problems  in  his  spare 
time.  The  clerks  in  the  office  teach  him  how  to  handle  figures,  and  in  that  way 
he  gets  an  education'  until  he  is  apprenticed,  and  when  he  gets  apprenticed  he 
wants  to  know  more.  He  goes  to  the  Spring  Garden  Institute  and  he  learns  how 
to  put  his  thoughts  on  paper.  He  will  ask  you  enough  questions  to  set  you  crazy. 
That  is  one  of  the  boys  that  you  cannot  keep  down,  and  his  work  of  the  fourth  year 
will  shine  alongside  the  work  of  the  more  educated  person.  He  is  not  the  man  the 
more  educated  person  is,  and  he  realizes  it,  and  he  absorbs  all  he  can  from  him. 
He  listens  and  profits  by  what  this  man  is  willing  to  give  him.  One  of  the  great¬ 
est  things  in  the  success  of  a  young  man  is  his  ability  to  handle  men,  and  unless 
he  has  that  ability  he  is  next  to  worthless  as  a  manager.  In  this  connection  we 
try  to  give  as  many  of  our  young  men  who  show  any  inclination  whatever  in  the 
handling  of  men  an  opportunity  to  improve.  As  soon  as  we  perceive  they  can 
handle  two  or  three  men,  we  give  them  the  opportunity,  and  we  increase  the 
number,  and  we  are  only  glad  to  increase  it,  because  we  have  vacant  places 
waiting  at  the  top  for  men  to  fill  these  positions,  and  until  then  we  have  to  fill 
them  from  the  few  we  hire  from  the  outside. 

Walter  L.  Webb. — Something  Mr.  V auclain  was  saying  reminded  me  of  the 
first  work  I  had  in  teaching,  as  a  teacher  in  a  technical  school  established  by 
the  Baltimore  and  Ohio  Railroad  about  sixteen  years  ago.  Even  before  then 
they  had  an  apprenticeship  system,  but  at  that  time  they  established  a  school 
for  the  apprentices,  under  the  management  of  Dr.  Barnard,  who  was  the  assistant 
to  President  Garrett.  At  first  the  school  was  started  merely  as  a  night  school, 
but  then,  the  advantages  becoming  more  apparent,  the  students  were  permitted 
to  leave  for  two  hours  during  the  regular  shop  time,  attend  the  school,  and  then 
go  back  to  the  shops.  Finally,  the  time  was  increased  to  four  hours  per  day, 
and  then  the  very  natural  result  came  that,  instead  of  a  very  low  grade  of  appren¬ 
tices,  such  as  they  first  had  before  starting  the  school,  a  better  grade  of  boys  and 
young  men  applied  for  apprenticeship  because  that  school  was  there,  and  prob¬ 
ably  the  school  might  have  developed  into  a  large  institution  except  for  the  fact 
that,  after  having  been  established  over  two  years  (then  1887),  the  Baltimore 
and  Ohio  R,ailroad  had  its  financial  somersault  and  the  school  was  peremptorily 
closed,  together  with  a  great  many  other  of  the  smaller  departments  of  the 
road.  It  is  a  pity,  perhaps,  that  the  school,  started  as  it  was,  was  never  con¬ 
tinued.  A  very  few  months  before  it  closed,  the  railroad  went  to  the  expense 
of  calling  together  a  commission  composed  of  Dr.  Mendenhall,  Professor  J.  B. 
Johnson,  Professor  Geo.  F.  Swain,  and  Professor  Peter  Schwamb.  They  met  in 
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Baltimore  and  formulated  a  plan  for  establishing  the  school  on  a  large  scale 
and  making  a  great  technological  school  of  it.  The  system  was  just  as  Mr. 
Vauclain  described — the  young  men  having  their  practical  training  in  the  shops 
and  yet  leaving  the  shops  to  attend  the  school,  which  was  right  among  the 
shops  at  the  Mount  Clare  works  in  Baltimore,  having  their  technical  instruction 
there,  then  going  back  to  their  work  in  the  shops  again.  The  railroad  company 
found  that  such  a  plan  would  be  advisable,  and  for  the  same  reasons  that  Mr. 
Vauclain  has  brought  forward — that  the  training  up  of  a  body  of  young  men 
would  prove  very  valuable.  During  this  last  summer,  while  in  Baltimore,  I 
happened  to  meet  one  of  these  young  men.  He  came  up  and  spoke  to  me,  and 
then  we  began  to  talk  about  those  young  men  who  had  been  in  that  school,  and 
I  must  say  I  was  surprised,  although,  as  I  thought  of  it  afterward,  there  was 
really  no  reason  for  surprise.  It  seemed  that,  almost  without  exception,  those 
young  men — at  least  the  better  class — those  who  were  in  that  school  during  that 
last  year — were  men  who  invariably  had  become  foremen,  draftsmen,  designers, 
and  even  superintendents,  and  were  all  in  very  high  grade  positions  all  over 
the  country.  The  utility  of  that  school,  even  in  its  short  life,  was  fully  demon¬ 
strated. 

W.m.  Copeland  Furber. — In  this  discussion  on  the  subject  of  industrial  and 
engineering  education  and  the  present  means  of  acquiring  it — the  theoretical 
and  scientific  part  through  university,  scientific  school,  or  night  school  training, 
and  the  practical  part  through  the  manual  training  school  and  the  shops,  etc. — 
and  the  difficulties  which  beset  the  path  of  the  ambitious  but  theoretically  un¬ 
trained  worker  or  student  in  attempting  to  acquire  the  necessary  knowledge  to 
successfully  fill  the  higher  positions  in  engineering  and  industrial  establishments, 
one  thing  has  been  made  manifest,  and  that  is,  the  present  lack  of  means  and 
facilities  which  would  permit  the  ambitious  young  man,  who  has  not  been 
fortunate  enough  to  have  technical  school  or  university  training,  to  qualify 
himself. 

The  present  night  schools  are  doing  as  well  perhaps  as  their  endowment  per¬ 
mits,  but  there  is  no  school  in  this  city  or  in  the  country,  that  I  know  of,  where 
a  jmung  man  can  obtain  the  proper  kind  of  instruction  in  mathematics,  physics, 
and  the  allied  scientific  branches  in  the  evening.  Our  universities  and  technical 
schools  are  mostly  well  equipped  and  are  doing  good  work  for  the  day  students, 
but  nothing  at  all  for  the  night  students. 

What  we  need  most  imperatively  is  not  more  universities  and  technical 
schools  for  day  students,  but  adequate  facilities  for  the  night  students.  If  the 
Carnegies,  the  Rockefellers,  the  Drexels  would  only  consider  how  much  good 
work  could  be  done  for  the  earnest  night  students,  possibly  they  would  be  willing 
to  become  the  pioneers  of  the  idea  of  a  night  university,  in  the  founding  of  new 
schools  for  this  purpose,  or  the  extra  endowment  of  existing  schools — where  an 
ambitious  young  man  could  acquire  a  university  training  at  night. 

It  need  hardly  be  pointed  out  that  the  students  at  these  night  schools  would 
not  attend  as  idlers  or  because  it  was  the  fashionable  thing  to  do,  but  they 
would  be  there  for  one  purpose  only,  and  that  purpose  a  very  earnest  one.  It 
would  require  a  longer  time  to  complete  the  night  course  perhaps, — say  six  years, 
— but  if  it  is  possible  for  a  day  student  to  do  the  work  in  four  years,  with  all  the 
time  dissipations  of  college  life,  a  night  student  should  do  as  well  or  better  in  a 
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slightly  longer  time.  The  night  courses  might  have  to  be  elective  in  groups  of 
coordinate  branches,  and  there  would  also  have  to  be  shorter  and  special  courses, 
but  the  field  for  schools  and  universities  of  this  sort  is  so  wide,  and  the  benefits 
which  would  result  to  the  individuals  and  communities  so  great,  that  it  is  some¬ 
what  surprising  that  with  all  the  interest  taken  in  higher  education,  some 
effort  in  this  direction  has  not  been  made  by  those  who  are  far-sighted  enough 
to  see  the  vast  benefit  which  would  follow  the  wider  distribution  of  mental  train¬ 
ing  among  the  people  as  well  as  the  development  of  an  educated  democracy. 
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THE  ECONOMICAL  CONVERSION  AND  TRANSMISSION  OE 

ENERGY. 


WM.  C.  L.  EGLIX. 

Read  November  16,  1901. 

The  conversion  and  transmission  of  energy  are  the  fundamental 
problems  in  mechanical  engineering.  The  conservation  of  energy  is  a 
well-established  fact;  and  therefore  no  mechanism  is  in  itself  capable 
of  creating  energy,  but  its  function  is  to  transform  the  energy  already 
existing  in  one  form  or  another  in  nature  into  energy  of  some  other 
form.  It  is  also  well  known  that  energy  of  one  form  cannot  be  completely 
transformed  into  energy  of  some  other  specific  form,  there  being  always 
the  loss  of  efficiency  in  the  apparatus.  The  less  this  loss,  the  more 
perfect  the  transformation  device  may  be  considered,  and  the  best 
efforts  of  the  engineering  profession  are  toward  this  end. 

In  this  paper  the  word  “energy”  is  used  as  the  capacity  for  doing 
work. 

When  the  mechanical  energy  of  men  and  animals  was  the  only 
means  of  conversion  of  power,  the  efficiency  was  probably  at  the  lowest 
pointy  and  the  cost  of  such  power  at  the  highest.  Some  of  the  monu¬ 
ments  of  engineering  that  are  found  in  the  far  eastern  countries  were 
erected  largely  by  means  of  animal  power,  and  bear  testimony  to  the 
wonderful  achievements  of  the  ancients  with  what  we  consider  to-day  a 
very  small  amount  of  power. 

The  energy  in  rapid  streams,  waterfalls,  and  air  currents  in  the 
atmosphere  was  the  first  energy  employed  by  man  as  a  substitute  for 
animal  power.  Up  to  the  period  of  the  practical  perfection  of  the  steam 
engine  by  Newcomen,  Watt,  and  others,  the  energy  required  for  manu¬ 
facturing  industries  was  practically  supplied  by  water-power,  and  t he 
conversion  was  by  means  of  water-wheels,  and  the  transmission  by  line 
shafting,  gearings,  and  belts.  This  condition  forced  the  location  of  the 
mills  and  factories  close  to  the  source  of  power;  and  consequently  we 
find  that  the  manufacturing  centers  were  limited  in  number  and  extent. 

The  advent  of  the  steam  engine  marked  an  epoch  in  the  development 
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of  manufacturing  industries  such  as  the  world  had  never  before  wit¬ 
nessed,  not  only  in  the  number  of  the  industries,  but  also  in  their  size 
and  importance.  It  was  no  longer  necessary  to  carry  the  raw  material 
long  distances  to  the  mill  or  factory ;  but  where  fuel  was  available,  a  mill 
or  factory  was  started  in  close  proximity  to  the  supply  of  the  material, 
and  the  impetus  thus  given  to  the  development  of  the  whole  civilized 
world  has  extended  to  our  times,  so  that  this  age  can  justly  be  called 
the  “  Manufacturing  Age.” 

The  extraordinarily  rapid  growth  of  the  manufacturing  arts  within 
the  past  few  years  and  the  more  recent  consolidations  of  like  industries 
have  the  effect  of  largely  increasing  the  size  of  the  power  plants,  so  that 
a  close  study  of  the  most  economical  methods  of  generating,  distrib¬ 
uting,  and  utilizing  their  energy  is  imperative. 

In  considering  the  economical  features  of  any  power  plant  there  are 
four  principal  heads  under  which  they  may  be  classified : 

1.  The  Generators  or  Converters,  which  include  the  entire  generating 
apparatus  at  the  Power  Station. 

2.  The  Transmission  System,  which  includes  all  of  the  apparatus 
between  the  generator  and  the  point  of  consumption. 

3.  The  Motors  or  Consumption  Devices.  These  include  such  appa¬ 
ratus  as  is  necessary  to  supply  the  power  in  the  form  required  for  manu¬ 
facturing  purposes. 

4.  The  Load  Factor  of  the  entire  plant,  which  is  the  relation  between 
the  average  and  the  maximum  load  in  each  twenty-four  hours’  opera¬ 
tion.  Ideal  conditions,  or  a  continuous  uniform  load  for  twenty-four 
hours  per  day,  would  be  a  one  hundred  per  cent,  load  factor.  This  in 
practice  is  probably  never  attained,  although  in  some  electrical  pro¬ 
cesses  of  smelting  metals  and  a  few  other  special  manufacturing  indus¬ 
tries  it  is  very  closely  approached,  the  only  loss  being  due  to  the  time 
the  power  is  shut  off  while  the  machines  are  being  cleaned  or  repaired. 

Considering  the  first  head,  the  advances  that  have  been  made  in  gen¬ 
erators  have  been  very  marked  in  certain  directions.  The  windmill  is 
still  in  use,  although  for  very  small  power  requirements.  The  serious 
drawback  to  the  utilization  of  this  kind  of  power  is  its  unreliability,  as 
there  is  no  method  of  predetermining  when  or  what  the  Avind  pressure 
will  be. 

With  water-power  the  development  has  been  Arery  marked,  first  from 
the  early  undershot  AA'heel  to  the  OArershot  Avheel,  then  to  the  turbine, 
and  more  recently  to  the  impulse  wheel,  which  is  utilized  for  water- 
powers  of  a  high  head  and  small  volume.  An  interesting  feature  and 
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one  that  well  demonstrates  the  advances  in  engineering  practice  is  an 
examination  of  this  impulse  water-wheel.  Primarily,  it  is  the  same  as 
the  early  undershot  wheel  with  the  exception  of  the  form  of  the  buckets, 
which  are  arranged  parallel  to  the  relative  direction  of  the  stream. 
The  wheel  is  a  mere  pigmy  for  the  same  power  when  compared  with  its 
predecessor.  It  is  constructed  of  metal  and  machined  accurately  to 
size,  developing  an  efficiency  of  ninety  per  cent.,  and  is  readily  con¬ 
trolled  and  governed  so  as  to  obtain  a  uniform  speed.  The  early  water¬ 
wheels  were  extremely  crude,  being  constructed  of  wood,  with  practi¬ 
cally  no  automatic  control  of  speed,  and  the  efficiency  varied  between 
thirty  and  forty  per  cent. 

With  lower  heads  and  larger  volumes  of  water,  the  turbine  wheel  has 
reached  a  high  point  of  efficiency  and  reliability,  and  can  be  governed 
within  the  limits  of  two  or  three  per  cent.  The  more  recent  advances  in 
turbines  has  been  in  the  direction  of  the  government  of  the  speed  and 
in  the  size  of  the  units. 

Considering  steam  generators,  the  improvements  in  boiler  practice 
are  in  the  construction  of  the  boiler,  and  in  the  ability  to  install  greater 
power  in  a  given  space,  although  there  has  been  no  decided  advance 
made  in  actually  increasing  the  efficiency.  It  might  be  interesting  to 
note  that  there  were  no  advances  and  practically  no  use  made  of  boilers 
from  the  time  of  that  described  bv  Hero  of  Alexandria,  about  200  vears 
before  the  Christian  era,  to  the  seventeenth  century.  One  of  Watt's 
earliest  boilers  was  made  of  wood  with  a  metal  fire-box.  When  this  is 
compared  with  the  modern  boiler,  it  shows  that  the  advances  that  have 
been  ►made  are  in  the  ability  to  increase  the  pressure  in  operating  the 
boilers. 

The  advances  in  the  steam  engine  have  been  in  the  improvement  of 
the  valve  gear  by  Corliss  and  others,  and  the  compounding  of  the  cylin¬ 
ders,  and  more  recently  in  the  use  of  superheated  steam.  The  use  of 
superheated  steam  cannot  be  said  to  be  a  new  development,  although 
its  successful  adoption  has  only  taken  place  within  the  past  few  years. 
In  the  early  trials  great  difficulty  was  experienced  in  the  cylinder  lubri¬ 
cation,  as  at  that  time  it  was  necessary  to  depend  on  animal  oils  for  this 
purpose.  With  the  use  of  petroleum  lubricants,  this  difficulty  has  been 
largely  removed. 

A  number  of  manufacturers  have  recently  been  devoting  their  efforts 
to  the  development  of  the  steam  turbine,  and  the  efficiencies  which  they 
have  obtained  on  tests  show  that  even  with  comparatively  small  units 
they  are  able  to  equal  the  best  results  that  have  yet  been  obtained  with 


70  Eglin — Economical  Conversion  and  Transmission  of  Energy. 

reciprocating  steam  engines.  The  advantages  of  the  steam  turbine 
over  the  steam  engine  are  primarily  a  great  reduction  in  the  size 
of  the  machine  for  the  same  output  and  a  reduction  in  the  first  cost. 
These  turbine  wheels  have  been  compounded,  and  I  believe  reasonably 
high  efficiency  can  be  expected.  A  number  of  these  turbines  are  now 
being  built  in  very  large  sizes  both  in  this  country  and  in  Europe.  The 
opinion  of  one  European  engineer,  whom  I  know  to  be  fair  and  conserva¬ 
tive,  is  that  he  was  not  sure  whether  there  is  a  very  decided  increase  in 
the  economy  as  compared  with  the  best  steam  engine,  although  he  felt 
that  there  was  some  increase,  but  that  the  cost  of  the  plant  was  very 
much  less. 

The  internal  combustion  engine  is  now  being  rapidly  developed,  and 
it  would  seem  that  it  will  soon  outstrip  its  older  rival,  the  steam  engine, 
in  the  race  for  higher  efficiencies.  The  difficulties  which  have  had  to 
be  met  in  the  development  of  this  engine  have  been  many,  and  its  use 
has  been  delayed  on  account  of  the  unreliability  of  its  action.  Rapid 
strides,  however,  have  been  made  in  some  of  the  European  countries, 
particularly  in  Germany,  where  units  have  been  built  varying  in  size 
from  500  to  1000  horse-power,  and  are  in  daily  operation.  One  of  these 
large  gas  engines,  I  believe  of  800  horse-power,  for  using  producer  gas, 
which  is  practically  a  waste  product  from  the  blast  furnaces,  was  shown 
at  the  Paris  Exposition,  and  I  was  told  that  the  manufacturers  had  re¬ 
ceived  orders  for  over  fifty  of  this  type  of  engine.  The  mechanical 
designs  of  this  engine  conform  practically  to  steam  engine  practice, 
some  of  them  having  compound  cylinders.  The  Diesel  engine  created 
quite  a  sensation,  and  has  no  doubt  helped  to  stimulate  all  of  the  other 
manufacturers  in  the  improvement  of  their  designs  in  many  ways. 
This  engine  was  fully  described  to  the  members  of  the  Club  by  Colonel 
Meyer. 

The  earlier  electric  generators  were  high-speed  machines  of  small 
size,  a  large  number  of  them  being  operated  by  the  same  engine  through 
belting  and  line  shafting.  When  the  units  were  increased  in  size,  high 
speed  engines  were  used,  so  as  to  obviate  the  necessity  of  using  line 
shafting.  The  mechanical  design  of  this  early  machine  was  very  crude. 
Unfortunately,  the  early  electrical  engineer  was  usually  an  experi¬ 
mental  crank  who  failed  to  utilize  the  experience  and  practice  of  other 
branches  of  engineering.  Naturally,  this  class  of  designer  was  soon  left 
behindhand  the  generators  of  to-day  are  equally  as  good  in  mechanical 
design  as  the  rest  of  the  apparatus.  Speeds  have  been  very  much  re¬ 
duced,  so  as  to  adapt  them  for  direct  connection  to  the  engine,  and  the 
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inherent  regulation  of  the  machine  has  been  raised  to  a  very  high  point. 
Units  can  now  be  built  of  the  largest  sizes  that  arc  required. 

The  efficiency  tests  of  all  of  the  generators  named  have  shown  that 
the  greatest  economy  is  obtained  in  the  largest  size  units.  The  limita¬ 
tion  to  the  size  of  the  unit  is  controlled  principally  by  the  character  of 
the  load  on  which  it  will  be  used  and  by  the  power  factor  of  this  load. 

Considering  the  second  head,  the  transmission  system,  the  early  ex¬ 
amples  consisted  of  systems  of  gearing,  line  shafting,  belting,  and  ropes. 
These  were  expensive  both  in  the  first  cost  and  in  the  cost  of  operation. 
The  efficiency  in  many  cases  was  exceedingly  low,  the  power  required  to 
operate  the  transmission  system  exceeding  the  power  actually  required 
for  manufacturing  purposes.  The  longest  distance  to  which  power 
could  be  transmitted  was  limited  to  one  or  two  miles.  Rope  trans¬ 
mission  was  largely  used  for  transmitting  power  to  operate  street-cars 
and  for  hauling  purposes  in  mines.  The  complications  and  the  unre¬ 
liability  of  the  old  cable  tramways  are  well  known  to  all  of  the  older 
residents  of  Philadelphia. 

Compressed  air  has  long  been  used  for  the  transmission  of  power, 
particularly  in  mines.  The  economy  of  this  transmission  for  limited 
distances  is  fairly  high,  and  in  mines  it  has  the  double  advantage  of 
supplying  fresh  air  to  the  mine  workers.  The  development  of  its  use  in 
manufacturing  plants  was  retarded  for  a  long  time  on  account  of  the 
lack  of  the  proper  development  of  consumption  devices.  A  number  of 
such  devices  are  now  produced,  and  the  utilization  of  compressed  air 
for  various  purposes  has  largely  increased,  notably  its  use  in  machine 
shops  for  the  operation  of  tools,  for  painting,  and  for  cleaning  purposes. 
The  limitations  to  long  transmission  are  due  to  the  expense  of  construc¬ 
tion,  necessitating  the  use  of  large  pipes.  There  is  also  a  serious  loss  in 
this  method  of  transmission  owing  to  the  large  amount  of  heat  that  is 
generated  during  compression.  Difficulties  have  also  been  experienced 
with  the  freezing  of  the  exhaust  at  the  consumption  device.  These, 
however,  have  been  overcome  by  reheating  the  air  before  reaching  the 
consumption  device. 

Steam  has  been  used  for  long  distance  transmission,  but  the  conden¬ 
sation  and  the  maintenance  of  the  pipe  line  and  the  heavy  first  cost  have 
prevented  its  commercial  success. 

A  number  of  papers  have  been  written  concerning  the  use  of  coal  gas 
for  power  purposes,  the  gas  being  produced  at  the  mines  or  at  a  point 
close  to  the  coal  fields  and  transmitted  to  the  points  of  consumption  by 
means  of  a  pipe  line.  I  have  no  knowledge,  however,  of  this  being 
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attempted,  or  any  long  distance  transmission  of  coal  gas.  The  re¬ 
quirements  of  all  of  the  consumption  devices,  either  gas  engines  or 
burners  (when  the  gas  is  used  for  heating  purposes),  necessitate  that 
the  gas  should  be  delivered  at  a  low  pressure.  It  is  possible,  however, 
that  the  gas  can  be  transmitted  at  a  high  pressure  and  reduced  to  a  low 
pressure  before  reaching  the  point  of  consumption.  There  are,  how¬ 
ever,  a  number  of  practical  objections,  one  of  which  is  the  increased 
leakage  with  increased  pressure;  and  these  difficulties  seem  to  have 
been  great  enough  to  prevent  its  commercial  success. 

The  advantages  of  electrical  transmission  of  energy  were  quickly 
appreciated  by  engineers,  the  only  loss  in  transmission  being  that  in 
overcoming  the  electrical  resistance  of  the  conductor;  and  as  the  elec¬ 
trical  resistance  of  most  of  the  metals  is  comparatively  low,  cheap  con¬ 
ductors  were  readily  obtainable.  The  insulation  of  the  conductor  was 
the  part  that  required  the  greatest  study,  and  this  is  constantly  being 
improved.  The  difficulties  to  be  overcome  in  securing  practical  insu¬ 
lation  were  many.  The  materials  which  formed  good  insulating  media 
had  poor  mechanical  qualities,  being  either  of  a  low  tensile  strength  or 
of  a  brittle  character,  so  as  to  crack  by  bending  or  jarring.  By  sub¬ 
dividing  the  insulation  into  a  number  of  layers  and  parts,  and  by  com¬ 
binations  of  materials,  it  is  now  possible  to  insulate  for  extremely  high 
pressures.  One  of  the  characteristic  phenomena  of  an  alternating 
current  is  that  it  can  be  transformed  from  a  low  pressure  and  large 
volume  to  a  high  pressure  and  small  volume  by  means  of  stationary 
apparatus,  with  a  very  high  efficiency;  modern  transformers  of  this 
class  exceeding  ninety-five  per  cent.  By  this  means  the  engineer  is 
able  to  arrange  his  transmission  system  so  as  to  obtain  the  maximum 
capacity  with  a  minimum  size  of  conductor,  which  is  essential  in  long¬ 
distance  transmission. 

When  the  current  is  to  be  transmitted  short  distances,  the  advan¬ 
tages  of  a  high  pressure  are  not  so  important,  and  the  controlling  fea¬ 
ture  is  usually  the  pressure  at  which  the  motors  or  consumption  devices 
can  best  be  operated.  When  the  energy  is  to  be  delivered  to  a  large 
number  of  motors  or  consumption .  devices  distributed  throughout  a 
limited  territory,  there  are  advantages  in  using  the  direct  current 
instead  of  the  alternating  current  for  this  purpose.  This  is  due  prin¬ 
cipally  to  the  developments  which  have  been  made  in  the  consump¬ 
tion  devices.  Direct  current  motors  start  more  easily,  the  speed  can 
be  readily  controlled,  and  they  are  more  economical  in  their  first  cost. 
Arc  lamps  operate  better  and  more  efficiently  on  direct  Current.  The 
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energy  can  be  stored  by  means  of  storage  batteries,  and  this  current  is  at 
present  being  used  for  a  larger  variety  of  purposes  than  the  alternating 
current. 

In  the  early  use  of  the  alternating  current  the  principal  drawback 
was  the  excessive  lagging  of  the  current  behind  the  pressure,  caused  by 
the  introduction  of  a  reactive  material  in  the  circuit.  This  necessitated 
the  transmission  of  a  larger  current  for  the  same  energy,  and  a  conse¬ 
quent  increase  of  loss,  than  would  have  occurred  had  the  current  and 
voltage  been  more  nearly  in  step.  The  real  energy  in  a  circuit  having  a 
lagging  current  is  not  represented  by  the  product  of  the  current  and  the 
voltage,  but  is  a  smaller  quantity;  and  the  ratio  of  this  quantity  to  the 
product  of  the  current  and  voltage  is  termed  the  power  factor. 

In  the  early  systems  this  power  factor  was  frequently  as  low  as  sixty 
per  cent.  With  the  more  recent  developments  this  efficiency  has  been 
increased  to  eighty  per  cent,  or  higher,  and  by  the  introduction  of 
synchronizing  apparatus, — that  is,  motors  operated  with  separately 
excited  fields,  which  maintain  the  uniform  and  in  step  rotation  of  the 
motor  and  generator, — the  power  factor  can  be  made  one  hundred  per 
cent. 

This  means  of  transmitting  energy  with  such  a  comparatively  small 
loss,  as  compared  with  former  methods,  has  caused  a  tremendous  stride 
in  the  limits  to  which  energy  can  be  transmitted.  Most  of  the  failures 
and  troubles  have  been  caused  by  poor  construction.  On  account  of 
the  high  efficiency  in  electrical  transmission  there  should  be  no  reason 
or  excuse  for  poor  construction. 

The*utilization  of  the  tremendous  power  at  Niagara  Falls  and  many 
other  hydraulic  developments  have  been  made  possible  bv  the  use  of 
electricity  for  transmission  purposes.  On  account  of  the  extravagant 
use  which  man  has  made  of  the  fuel  supply  it  is  very  gratifying  and 
encouraging  to  see  that  the  other  natural  sources  of  power  are  being 
developed.  It  has  been  stated  that  the  power  available  at  Niagara 
alone  is  equal  to  the  whole  coal  supply  of  the  world.  There  have  been 
so  many  extravagant  statements  made  in  connection  with  these  won¬ 
derful  falls  that  the  accuracy  of  this  I  cannot  vouch  for. 

We  now  come  to  the  consideration  of  the  third  head,  the  motors  or 
consumption  devices.  When  the  power  was  transmitted  by  means  of 
shafts,  belting,  or  ropes,  the  only  question  that  required  consideration 
was  the  proper  size  of  the  pulley  or  coupling  to  transmit  the  load,  with 
the  exception  of  machines  that  required  variable  speed.  The  varia¬ 
tions  in  speed  in  such  machines  were  usually  accomplished  either  by 
means  of  cone  pulleys  or  by  a  slipping  clutch. 
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With  the  advancement  in  the  transmission  system  by  the  use  of 
compressed  air,  steam,  or  electricity,  it  was  necessary  to  provide  some 
means  of  converting  the  energy  into  the  form  required  by  the  machine 
used  in  the  manufacturing  industries.  In  the  case  of  steam  transmis¬ 
sion  a  great  number  of  designs  of  special  engines  were  made  to  suit  the 
variety  of  work  they  had  to  perform.  Steam  engines  had  the  desirable 
qualification  of  being  easily  varied  in  speed,  close-governing,  and  re¬ 
versible. 

With  compressed  air  there  were  some  difficulties  in  designing  motors 
of  large  sizes,  but  with  small  units  it  had  been  used  very  successfully, 
and  there  is  now  being  manufactured  by  a  variety  of  manufacturers  a 
complete  line  of  motors  and  hammers,  and  their  use  is  very  general  in 
modern  machine  shops.  The  exhaust,  being  fresh  air,  has  the  advan¬ 
tage  of  improving  the  ventilation  and  obviates  the  necessity  of  an  ex¬ 
haust  pipe,  which  has  to  be  used  in  a  steam  engine.  The  speed  can  be 
varied  and  the  motors  can  be  reversed.  In  most  of  these  devices  there 
are  a  number  of  wearing  parts  that  require  adjustment  and  attention. 
Considering  electric  motors,  there  are  two  distinct  types  of  such  motors, 
viz. :  direct  current  and  alternating  current  motors.  The  alternating 
current  motor  is  possibly  the  simplest  form  of  motor  which  has  yet  been 
devised,  one  design  consisting  of  an  iron  body  revolving  in  an  air  space 
without  actual  contact  at  any  point  except  the  shaft  bearings.  The 
majority  of  the  smaller  motors,  however,  are  of  the  class  known  as 
induction  motors.  In  this  case  the  rotating  part  consists  of  a  lami¬ 
nated  iron  cylinder  with  copper  conductors  embedded  in  the  surface, 
these  conductors  being  short-circuited  at  each  end.  There  is  no  direct 
electric  connection  to  this  moving  part,  the  current  being  induced  in 
these  conductors  from  the  stationarv  coils  which  surround  the  con- 
ductors.  These  motors  are  operated  from  a  multiphase  circuit,  usually 
either  two-  or  three-phase.  They  can  readily  be  started,  either  by 
means  of  a  special  transformer,  reducing  the  pressure  impressed  on  the 
surrounding  coils,  and  increasing  this  pressure  as  the  motor  approaches 
its  maximum  speed,  or  by  introducing  a  resistance  in  the  circuits  which 
are  embedded  in  the  movable  part,  this  resistance  being  made  variable, 
so  that  it  can  be  reduced  in  steps  as  the  motor  increases  in  velocity. 

All  alternating  motors  must  be  run  at  a  constant  speed,  the  speed  de¬ 
pending  upon  the  frequency  of  the  alternations  of  the  current  delivered 
to  the  motor,  so  that  when  variations  are  required,  they  must  be  pro¬ 
vided  by  some  mechanical  means. 

All  of  these  motors  have  a  starting  torque  of  two  or  three  times  the 
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full  running  torque,  and  there  is  therefore  no  serious  difficulty  in  start¬ 
ing  under  load.  It  can  readily  be  appreciated  that  a  motor  of  almost 
ideal  simplicity  in  its  moving  parts  would  require  the  mimimum  of 
attention. 

Direct  current  motors  have  been  more  universally  used,  first,  on 
account  of  their  earlier  development  and  the  lower  cost,  and,  second,  on 
account  of  their  ease  of  control  and  the  ability  to  operate  at  a  compara¬ 
tively  high  efficiency  with  a  varying  speed.  The  control  of  this  motor 
is  probably  the  most  perfect  of  any  device  that  has  yet  been  produced, 
as  the  speed  can  be  increased  from  zero  to  maximum  and  maintained  at 
any  intervening  point  with  a  uniform  torque  and  a  very  high  efficiency. 
Both  types  of  motors  can  be  readily  reversed.  The  direct  current 
motor  has  the  disadvantage  of  using  a  commutator  on  the  moving  part 
with  sliding  contacts.  Since  the  introduction  of  carbon  brushes,  the 
commutators  are  designed  with  more  ample  proportions,  and  this  fea¬ 
ture  now  requires  very  little  attention,  more  nearly  filling  all  the  re¬ 
quirements  of  the  manufacturing  arts  than  any  form  of  motor  yet  pro¬ 
duced.  There  are  special  cases,  however,  where  it  is  not  adaptable,  as 
when  the  sparking  at  the  brushes  could  ignite  inflammable  or  explosive 
gases  or  material.  Even  these,  however,  can  be  overcome  by  entirely 
enclosing  the  revolving  part.  Many  machines  of  this  form  are  now  de¬ 
signed  to  keep  out  dirt  and  dust,  such  as  street-car  motors,  automobile 
motors,  and  motors  used  on  machine  tools. 

There  are  practically  no  limits  to  the  sizes  to  which  this  machine 
can  be  built.  It  can  be  made  from  a  fraction  of  a  horse-power  to  sev¬ 
eral  hryidred,  with  efficiencies  averaging  above  eighty-five  per  cent,  at 
full  load  and'seventy  per  cent,  at  half  load. 

In  considering  the  fourth  head,  namely,  the  load  factor  of  the  entire 
plant,  it  has  already  been  shown  that  practice  does  not  permit  of  con¬ 
stant  operation  for  twenty-four  hours  per  day  at  full  load,  some  time 
being  lost  by  repairs  and  the  attention  required  by  the  various  ma¬ 
chines.  The  nearer,  however,  the  approach  to  this  ideal,  the  higher 
the  economy  of  the  whole  plant  will  be,  and  this  would  demand  the 
most  efficient  apparatus  possible  to  be  used  throughout  the  entire 
system.  As  we  recede  from  this  point  to  a  minimum  load,  the  neces¬ 
sity  for  higher  economy  and  expensive  apparatus  is  not  so  important. 
A  heavy  load  for  one  or  two  hours  per  day  cannot  be  operated  econom¬ 
ically  by  the  very  best  types  of  apparatus,  first,  on  account  of  the 
necessary  preparation  to  operate  this  load,  and,  second,  the  inability  to 
utilize  the  labor  for  the  full  term  of  the  working  day,  and  also  the  large 
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loss  in  keeping  this  plant  ready  to  be  operated  during  one  or  two  hours 
of  the  following  twenty-four  hours,  the  interest  and  depreciation 
charges  being  the  same,  irrespective  of  the  output  of  the  plant.  It  is 
frequently  the  practice  for  this  class  of  work  to  employ  the  cheapest 
grade  of  material,  as  the  differences  between  the  interest  and  deprecia¬ 
tion  charges  will  more  than  offset  the  losses  caused  by  lower  economy. 
Loads  of  this  character  are,  however,  not  general,  although  there  are  a 
very  large  number  of  plants  which  must  be  operated  at  excessively  high 
loads  for  a  short  period  during  the  twenty-four  hours,  or,  as  shown  by 
the  load  diagrams,  with  a  very  high  peak  load. 

The  variations  in  the  load  diagram  are  questions  that  should  be 
most  seriously  studied,  so  that  they  can  be  reduced  as  much  as  possible, 
and  as  it  has  been  shown  that  motors  or  consumption  devices  can  be 
subdivided  into  the  smaller  units  required,  thus  obviating  the  neces¬ 
sity  of  running  any  idle  machinery,  allowing  the  generating  apparatus 
to  supply  the  average  demand  and  a  consequent  smooth  load  diagram 
free  from  anv  violent  fluctuations. 

Fig.  1  shows  the  load  of  a  power  station  for  a  twenty-four 
hour  day,  with  a  load  factor  of  over  fifty  per  cent.  When  the 
generating  apparatus  only  is  considered  in  this  station,  the  load 
factor  is  much  higher.  The  section  of  the  load  painted  white  represents 
the  part  of  the  load  which  was  transmitted  to  this  station  from  some 
other  station,  and  the  top  part  of  the  peak  represents  a  portion  of  the 
load  carried  by  a  storage  battery  in  the  station.  This  diagram  well 
illustrates  that,  were  it  necessary  to  generate  all  of  this  power  at  this 
station,  during  a  period  of  two  hours  a  large  proportion  of  the  load, 
representing  the  amount  of  twenty  per  cent,  of  the  total,  would  be  gen¬ 
erated  at  a  very  poor  efficiency,  as  all  of  the  energy  required  to  put  all  of 
the  various  apparatus  in  effective  operation  would  only  be  used  for  a 
very  short  period. 

The  next  series  of  diagrams  (Fig.  2)  shows  a  much  more  uni¬ 
form  load  curve  and  a  very  much  better  load  factor,  enabling  the  gen¬ 
erating  station  to  use  a  fewT  large  size  units  and  operate  them  continu¬ 
ously  at  close  to  the  maximum  efficiency.  This  is  accomplished  in 
practice  by  the  transferring  of  the  load  from  one  generating  station  to 
the  principal  manufacturing  or  the  most  economical  station  in  which 
only  high  economy  apparatus  is  installed;  and  by  this  means  the  sta¬ 
tions  can  be  operated  at  a  maximum  load  factor  and  large  units  can  be 
loaded  to  the  full  capacity  practically  24  hours  per  day,  shoving  that  it 
is  not  only  necessary  to  subdivide  the  motors  or  consumption  devices 
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into  the  greatest  number  of  parts,  but  that  the  generating  station 
should  be  subdivided  into  one  main  generating  station  capable  of  carry¬ 
ing  the  large  bulk  of  the  load,  and  auxiliary  stations  operating  for 
shorter  periods,  usually  with  shifts  of  from  ten  to  twelve  hours.  It  is 
not  necessary  to  equip  these  stations  with  the  highest  economy  appa¬ 
ratus  on  account  of  the  variable  load  they  must  carry  and  the  short 


TIME 

NOON 


Fig.  1. — Load  Diagram  of  Light  and  Power  Station.  Load  Factor,  over  Fifty  Per 

Cent. 


time  they  are  in  operation.  This  also  adds  to  the  reliability  of  the  plant 
as  a  whole,  as  these  stations  are  capable  of  supplying  at  least  a  portion 
of  the  load  in  the  event  of  failure  at  the  main  station  or  the  transmission 
lines. 

Fig.  3  is  a  composite  diagram  of  the  load  of  several  stations,  show¬ 
ing  the  character  of  the  load  which  must  be  carried,  and  it  also  demon- 
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Fig.  2. — Load  Diagrams  of  Power  Station.  Load  Being  Obtained  from  Sub-stations 


Eglin — Economical  Conversion  and  Transmission  of  Energy.  79 

strates  conclusively  that  most  of  the  work  can  be  done  by  one  main 
generating  station  operating  under  the  most  economical  conditions, 
with  the  smaller  stations  acting  as  auxiliaries,  the  locations  selected 
being  the  best  suited  to  the  particular  requirements  of  the  load  that 
thev  must  carry. 

It  is  only  since  the  introduction  of  electrical  transmission  of  power 
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Fig.  3. — Composite  Diagram  Representing  the  Load  ok  Five  Generating  Stations. 


that  it  has  been  possible  to  transmit  large  amounts  of  power  from  one 
point  to  another  economically;  and  as  it  has  already  been  shown  that 
small  quantities  can  be  transmitted  economically,  the  means  have  now 
been  provided,  not  only  to  transmit  the  energy  from  the  power-houses 
to  the  consumption  devices,  but  to  transmit  energy  between  power¬ 
houses,  and  in  that  way  consolidate  and  combine  a  number  of  power- 
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houses,  producing  the  maximum  economy  of  the  plant  as  a  whole. 
This  important  advance  has  been  the  means  of  largely  increasing  the 
demand,  not  only  for  the  engineer’s  services,  but  in  the  development  of 
new  manufacturing  arts  and  helping  forward  the  world’s  progress. 


DISCUSSION. 

A  Member. — I  would  like  to  ask  for  information  concerning  that  single-phase 
conversion.  I  do  not  understand  what  single  phase  is.  I  have  heard  of  double 
phase  and  treble  phase. 

Carl  Herixg. — It  may  be  easily  understood  if  it  is  explained  that  a  single¬ 
phase  current  is  somewhat  analogous  in  its  action  to  a  single-crank  engine  which 
has  two  dead  points,  while  a  two-phase  current  is  analogous  to  a  double-crank 
engine  with  cranks  at  ninety  degrees,  and  a  three-phase  current  to  a  three-crank 
engine  with  cranks  one  hundred  and  twenty  degrees  apart.  It  is  on  account  of 
this  similarity  to  the  action  of  the  dead  point  of  a  single-crank  engine  that  it  is 
difficult  to  run  electric  motors  on  a  single-phase  circuit.  There  are  comparatively 
few  motors  of  this  type  in  this  country  for  that  reason.  We  all  have  hopes  that 
some  day  the  single-phase  motor  may  be  developed  so  as  to  be  as  good,  or  nearly 
as  good,  as  the  two-  or  three-phase.  At  present  the  single-phase  motors  are 
found  almost  entirely  abroad.  I  had  occasion  to  visit  Frankfort,  Germany, 
last  year,  where  all  the  electric  motors  are  of  the  single-phase  type;  this  sIioavs 
that  they  can  be  used,  and  will  gh’e  satisfaction,  but  they  are  not  so  good  as  two- 
and  three-phase  motors. 

I  would  like  to  make  a  few  remarks  on  Mr.  Eglin’s  paper.  He  said,  in  reference 
to  the  lag  which  exists  in  alternating  current  circuits,  the  efficiency  is  thereby 
made  very  poor.  He  ought  to  lnwe  added  that  the  size  of  the  machinery  also 
becomes  larger  if  there  is  a  lag  than  if  there  is  none,  which  is  an  additional  reason 
Avhy  there  ought  to  be  no  lag,  if  possible.  In  what  are  called  synchronous  motors 
that  lag  may  be  preA’ented,  as  he  explained,  but  AA’ith  the  induction  motor  one  of 
the  chief  disadvantages  is  the  existence  of  this  lag.  The  current  in  that  case 
flows  through  the  circuit,  but  has  very  little  power  to  do  an}^  work;  it  is  similar 
to  a  gas  engine  in  which  the  explosion  occurs  while  the  crank  is  near  the  dead 
point.  It  is  a  useless  current  which  has  got  to  be  carried,  but  cannot  do  any 
appreciable  work.  A  recent  improA’ement,  which  is  now  being  discussed  by 
electrical  engineers  all  OA'er  the  Avorld  for  diminishing  the  lag  of  induction  motors, 
Avas  made  in  Europe  by  a  man  named  Hileman,  which  looks  quite  promising. 
If  it  turns  out  as  well  as  is  expected,  it  aaTII  be  a  great  improA’ement  in  alternating 
current  transmission.  What  is  wanted  in  connection  with  alternating  current 
motors,  is  something  which  the  electrical  engineer,  I  am  afraid,  will  not  be  able 
to  iuvent  A’ery  soon,  but  which  the  mechanical  engineer,  I  think,  should  supply; 
it  is  a  mechanical  speed-A*arying  deA’ice  such  as  is  used  in  a  lathe,  but  less  com¬ 
plicated.  Something  like  the  double  cone  pullejT,  but  of  a  more  practical  nature, 
Avould  be  a  very  welcome  thing  for  adA’ocates  of  alternating  current  motors. 

Mr.  Eglin  stated  that  continuous  current  motors  could  be  run  at  anj-  speed 
from  zero  to  maximum  at  A’erv  high  efficiency.  I  think  that  statement  should 
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be  modified.  I  do  not  agree  with  him  that  a  continuous  current  motor  built  for 
a  high  speed  can  be  run  at  low  speed  with  a  good  efficiency. 

In  connection  with  the  plant  at  Niagara  Falls  which  he  mentioned,  it  may 
not  be  generally  known  that  there  is  now  a  plant  in  New  York  City  which  is, 
or  will  soon  be,  larger  than  the  Niagara  Falls' plant,  so  that  the  latter  is  no  longer 
the  largest  power  distributing  plant  in  the  world,  as  it  formerly  was. 

I  am  sorry  that  Mr.  Eglin  did  not  say  more  about  a  question  which  interests 
electrical  engineers  very  much,  namely,  the  relative  advantages  of  two-phase 
and  three-phase  currents.  In  this  respect  European  practice  differs  from  Amer¬ 
ican.  In  America  we  generally  use  the  two-phase  current,  while  in  Euroj>e  the 
three-phase  current  is  preferred  to  the  two-phase.  You  very  seldom  find  a  two- 
phase  current  plant  there,  and  as  there  are  good  engineers  over  there  too,  we  must 
assume  that  they  may  be  right  in  their  selection. 

Charles  Hewitt. — In  order  to  show  the  development  of  generators,  it  is 
interesting  to  note  that  the  machines  now  being  installed  for  the  Manhattan 
Elevated  in  New  York  have  a  capacity  of  5000  kilowatts.  Ten  years  ago  200- 
kilowatt  machines  were  considered  quite  large. 

Mr.  Herixg. — Mr.  Eglin  spoke  of  the  1000  horse-power  gas  engines  which 
were  exhibited  at  the  Paris  Exposition.  These  machines  are  used  very  largely 
with  blast-furnace  gases, — gases  that  formerly  went  to  waste, — which  show- 
that  the  use  of  these  blast-furnace  gases  is  becoming  more  common  every  year. 
It  was  only  a  few  years  ago  that  I  had  occasion  to  say  before  this  Club  that  there 
was  a  great  opportunity  for  utilizing  these  gases  in  gas  engines  for  power  purposes, 
and  there  were  several  members  who  thought  there  was  too  little  energy  in  these 
gases  to  be  of  any  use  in  large  engines  for  transmitting  power.  At  present  there 
is  a  very  large  amount  of  power  recovered  in  just  that  way,  power  that  formerly 
escaped  with  the  air,  and  I  am  pleased  to  see  that  my  statement  has  been  con¬ 
firmed. 

Wm.  C.  L.  Eglin. — In  reply  to  Mr.  Hering,  the  question  of  the  frequency  of 
the  transmission  system  depends  largely  upon  the  individual  character  of  the 
plant.  ^The  commercial  efficiencies  are  twenty-five  and  sixty  cycles,  the  lower 
frequency  being  desirable  when  the  principal  portion  of  the  load  is  a  motor  load. 
The  number  of  phases  used  in  transmitting  current  are  either  single,  two,  or  three- 
phase;  three-phase  being  the  most  economical  in  the  amount  of  copper  required. 

In  reference  to  the  use  of  compressed  air,  I  believe  that  compressed  air  for  a 
variety  of  purposes  has  many  advantages.  The  details  of  the  various  devices 
are  being  brought  to  a  higher  and  better  commercial  development  than  has  been 
accomplished  in  the  same  class  of  electrical  machines;  so  that,  although  com¬ 
pressed  air  may  be  used  satisfactorily  for  local  distribution,  it  is  quite  imprac¬ 
ticable  to  transmit  it  any  very  long  distance  without  extraordinary  expense. 
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DESCRIPTION  OF  AN  ELECTRICAL  TIDE-INDICATOR. 

L.  Y.  SCHERMERHORN. 

Read  November  16,  1901. 

The  movements  of  vessels  in  harbors  are  dependent  on  the  exact 
stage  of  water  in  the  docks,  channels,  and  bars  adjacent  to  the  harbor, 
and  upon  the  set,  or  direction,  of  the  tide  at  these  localities.  The  use¬ 
fulness  is  obvious  of  infallible  information  upon  these  points,  available, 
in  a  convenient  place,  to  ship  owners, 1  seamen,  and  others  interested 
in  the  movement  of  vessels. 

Tide  tables,  or  the  theoretic  time  of  daily  high  and  low  water,  and 
the  height  of  the  tide,  for  each  day  in  the  year,  have  been  developed 
by  the  Coast  and  Geodetic  Survey  for  all  prominent  points  upon  the 
tidal  waters  of  the  United  States.  The  daily  time  of  high  and  low 
water  bears  a  fixed  relation  at  each  locality  to  the  time  at  which  the 
moon  crosses  the  meridian  of  the  place  for  which  the  tide  table  is  calcu¬ 
lated;  while  the  daily  relative  position  of  the  sun  and  moon,  at  the 
time  when  the  moon  crosses  the  meridian,  determines  the  theoretic 
height  of  the  tide.  This  interval,  which  would  be  correct  but  for  the 
effect  of  wind  and  freshet,  between  daily  high  and  low  water,  and  the 
time  at  which  the  moon  crosses  the  meridian,  is  called  the  “  establish¬ 
ment  of  the  tides. ”  For  the  foot  of  Chestnut  Street,  Philadelphia,  it 
has  been  determined  to  be  as  follows :  Average  time  of  high  water  after 
moon’s  meridian  passage,  1  hour  29  minutes;  average  time  of  low 
water  after  moon’s  meridian  passage,  8  hours  59  minutes. 

Tide  tables  are  invaluable  guides,  but  they  can  only  forecast  the 
regular  ebb  and  flow,  and  cannot  foretell  the  changes  which  arise  from 
abnormal  meteorologic  influences,  such  as  the  effects  of  floods  in  tidal 
areas,  and  the  action  of  winds.  For  this  reason  the  absolute  tides, 
both  in  height  and  direction,  vary  greatly  from  the  theoretic  tides  indi¬ 
cated  in  the  standard  tide  tables;  for  example,  the  absolute  high  or 
low  water  may  vary  from  a  few  tenths  of  a  foot,  to  3  or  4  feet  from  the 
theoretic  height  for  any  given  day,  while  the  time  for  the  change  of 
direction  of  the  tide  may  vary  from  a  few  minutes  to  two  or  three  hours 
from  the  theoretic  time  as  given  in  the  tide  tables. 
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The  tidal  indicator,  hereinafter  described,  takes  all  these  abnormal 
influences  into  account,  and  its  index  arm  moves  only  in  consequence 
of  changes  in  the  water  level,  regardless  of  the  cause  or  amount  of  such 
changes;  it  therefore  furnishes  at  all  times  exact  information  as  to  the 
stage,  or  height,  and  the  direction,  or  set,  of  the  tide,  at  the  locality  for 
which  it  records  the  tide. 

At  the  instance  of  the  Philadelphia  Maritime  Exchange,  the  United 
States  Coast  and  Geodetic  Survey  has  perfected  and  installed  in  the 
rooms  of  the  Exchange  in  the  Philadelphia  Bourse,  an  apparatus  by 
which  the  exact  stage  and  character  of  the  tide  in  the  harbor  can  be 
determined  at  a  glance,  by  means  of  a  dial  electrically  connected  with 
the  tidal  station  at  the  foot  of  Chestnut  Street.  The  tide-indicator 
was  designed  and  constructed  by  Dr.  G.  Ilasler,  Berne,  Switzerland, 
but  in  the  Coast  and  Geodetic  Survey  office  this  apparatus  has  been 
modified,  and  has  been  supplemented  by  an  important  device  due  to 
Mr.  E.  G.  Fischer,  Chief  of  the  Instrument  Division.  The  original  form 
of  the  Hasler  indicator  shows  the  stage  of  the  water  on  the  dial,  but  as 
modified  by  Mr.  Fischer  the  dial  not  only  indicates  the  height  of  the 
tide,  but  shows  automatically  whether  the  tide  is  rising  or  falling. 

The  Coast  and  Geodetic  Survey  has  had  in  successful  operation  for 
several  years  tide-indicators  at  Fort  Hamilton,  in  New  York  Harbor; 
Reedy  Island,  in  the  Delaware  River ;  and  in  San  Francisco  Bay.  These, 
fitted  with  dials  nearly  30  feet  in  diameter,  and  with  figures  and  divi¬ 
sions  which  can  be  distinguished  at  a  distance  of  several  miles,  have 
indicator  arms  that  are  controlled  by  the  direct  action  of  the  changes 
of  water  level,  with  which  they  are  in  close  mechanical  connection.  The 
indicator  in  the  Maritime  Exchange  is  half  a  mile  distant  from  the 
waters  the  changes  of  which  it  records,  and  would,  with  sufficient 
battery  power,  represent  them  if  a  continent  intervened. 

The  electrical  tide-indicator  consists  of  two  parts,  one  the  apparatus 
shown  in  figures  1  and  2,  whereby  the  rise  and  fall  of  the  water  level  is 
utilized  to  complete  electric  circuits  which,  in  the  second  part  (Figs.  3, 
4,  and  5),  through  the  intervention  of  electric  magnets,  communicate 
the  motion  to  the  indicator  arm  and  device  by  which  the  required  in¬ 
formation  concerning  the  height  and  character  of  the  tide  is  displayed 
to  the  public.  The  first  apparatus  is  established  in  the  tidal  station  at 
the  foot  of  Chestnut  Street,  the  second  is  in  the  Maritime  Exchange, 
and  the  two  are  connected  by  properly  insulated  wires. 

An  arbor,  A,  behind  the  apparatus  case  (Figs.  1  and  2)  carries  two 
brass  drums,  B  and  B'.  From  B  the  float  C  is  suspended,  and  from  B' 
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the  counterpoise,  D.  The  same  arbor  in  the  interior  of  the  case  carries 
the  six-toothed  wheel  E.  Above  the  ratchet  wheel  is  placed  a  three- 
armed  lever,  movable  about  the  center,  a;  the  two  horizontal  arms 
carry  the  pins  b ,  b' ;  the  vertical  arm  c  engages  into  the  teeth  of  the 
ratchet  wheel.  The  pins  b,  b'  rest  on  the  short  arms  of  the  levers  H,  H'. 
Resting  on  the  bottom  of  the  apparatus  case  are  two  iron  reservoirs, 

l,  /',  containing  mercury,  and  which  are  equipped  with  the  tubes  K,  K' 
and  L,  L'.  In  the  larger  tubes,  K,  K',  two  cylinders  plunge,  which  are 
suspended  from  the  outer  ends  of  the  arm  of  the  levers  H,  H' ;  in  the 
smaller  tubes  protrude  the  ends  of  the  contact  rods  M,  M'. 

If  the  level  of  the  water  is  lowered,  the  float,  descending,  causes  the 
wheel  E  to  turn  to  the  right,  the  lever  H  raising  the  cylinder  slowly 
until  the  arm  c  trips,  when  the  cylinder  falls,  compressing  the  air  in  the 
large  tube  K,  raising  the  surface  of  the  mercury  in  the  tube  L,  and  pro¬ 
ducing  a  brief  contact  with  the  rod  M,  thereby  completing  for  a  short 
time  the  electric  circuit  which  brings  the  second  apparatus  into  action. 
If  the  water  level  rises,  the  counterpoise  D  makes  the  wheel  E  turn  to 
the  left,  and  the  mechanism  on  the  right  of  figure  2,  operating  in  a  simi¬ 
lar  manner  through  a  second  circuit  and  set  of  electromagnets,  pro¬ 
duces  opposite  indications  on  the  dial. 

The  mechanism  of  the  apparatus  in  the  Exchange  is  shown  by  figures 
3,  4,  and  5.  On  an  arbor  UU  (Fig.  3),  which  carries  the  indicator  arm 
T,  two  pairs  of  wheels,  N,  0  and  N',  O',  turn;  each  pair  is  riveted  on  a 
common  barrel.  A  rod,  fixed  in  the  middle  of  the  arbor  UU,  carries  at 
one  end  a  wheel  R,  which  engages  the  wheels  N,  N',  and  at  the  other 
end  a  counterpoise. 

On  the  completion  of  the  circuit  in  the  apparatus  at  the  tidal  station 
(Figs.  1  and  2),  if  the  current  of  the  battery  passes  through  the  electro¬ 
magnet  m1  (Fig.  3),  the  latter  attracts  the  armature  ax;  with  the  inter¬ 
ruption  of  the  current  a  coil  spring  draws  back  the  armature  lever  and 
the  pawl  kx  makes  the  wheel  N'  advance  one  tooth.  If  the  current 
passes  through  the  electromagnet  m,  it  is  the  wheel  N  which  turns  one 
tooth.  The  wheels  N  and  N'  are  each  equipped  with  a  safety  pawl  t,  tv 
which  permit  of  revolution  only  in  one  direction.  When  the  wheel  N' 
advances  one  tooth,  the  wheel  R  and  the  arbor  UU  with  the  indicator 
arm  T  turn  in  the  same  direction,  while  the  wheels  N  and  0  are  held  in 
repose  by  the  pawl  t.  If  the  current  passes  through  the  electromagnet 

m,  the  wheel  N  turns  backward  one  tooth  and  the  indicator  arm  a  space 
indicating  a  change  in  water  level  of  one-tenth  of  a  foot,  while  the 
wheels  N',  O'  remain  unmoved. 
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The  direction  of  the  arrow  in  t he  center  of  the  dial  (1  igs.  4,  5,  and  6) 
shows  whether  the  water  level  is  rising  or  falling.  This  indication  is 
secured  by  the  use  of  two  electromagnets  in  series  with  m  and  tnv  and  a 
system  of  levers  which  control  the  position  of  the  vanes  which  make 
the  head  of  the  arrow.  The  electromagnet  m,  (Tig.  3)  is  in  the  same 
circuit  with  mv  and  on  the  completion  of  the  circuit,  in'  consequence  (of 
an  adequate  fall  in  the  water  level,  attracts  upward  the  armature  o,  the 
movement  being  transmitted  through  the  various  sections  of  the  lever 
p  to  its  vertical  arm  q,  which  is  raised.  The  vanes  of  the  arrow  are 
fastened  to  two  small  arbors,  r,  rv  to  which  are  also  attached  the  levers 
s,  sv  These  levers  have  slots  in  their  free  ends  which  enclose  a  pin  that 
is  set  in  the  vertical  arm  q.  As  the  arm  q  rises  in  correspondence  with  a 
fall  of  water  level,  and  the  consequent  effect  upon  p  through  the  inter¬ 
vention  of  the  electromagnet  mv  the  slotted  arms  $,  Sj  rise  with  it, 
revolving  the  arbors  to  which  the  vanes  are  attached  and  causing  them 
to  point  downward  as  in  figure  5.  A  rise  in  the  water  level,  causing  an 
opposite  change  in  the  movement  of  the  various  sections  of  the  lever  p, 
swings  s  and  sx  down,  and  causes  the  vanes  to  point  upward  (as  in  Fig. 
4)  by  means  of  electromagnet  m  in  series  with  electromagnet  ra,. 

The  dial  prepared  for  the  apparatus  in  Philadelphia  is  divided  so  as 
to  show  the  various  stages  of  the  water  level  from  3  feet  below  mean 


low  water  to  9  feet  above  the  same  plane.  The  indicator  arm  moves 
for  every  change  of  one-tenth  of  a  foot  in  elevation.  Figure  4  repre¬ 
sents  a  rising  tide;  figure  6  shows  the  arm  changing  from  a  rising  to  a 
falling  tide;  figure  5  indicates  a  falling  tide. 

Thehbove  described  electrical  tide-indicator  was  installed  on  August 
26,  1901,  and  has  been  in  successful  operation  since  the  date  named. 
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DEVELOPMENT  OF  THE  DELAWARE  RIVER  WATER  FRONT  OF 
PHILADELPHIA,  INCLUDING  DESCRIPTION  OF  BULKHEAD. 
STREET,  AND  PIER  CONSTRUCTION. 


GEO.  S.  WEBSTER. 

Head  December  7,  1901. 

Early  History. 

In  1682,  Avhen  Philadelphia  was  laid  out  under  the  Proprietary,  and 
the  first  drawing  or  map  of  the  same  was  made  by  Thomas  Holme,  the 
present  Front  Street  corresponded  with  the  west  bank  of  the  River  I  Un¬ 
aware.  Lots  were  sold  on  the  westerly  side  of  this  Front  Street  only, 
the  easterly  side  remaining  as  a  bank  or  open  common. 

In  the  early  days  of  the  town  there  had  evidently  been  an  encroach¬ 
ment  upon  the  bank  side  of  Front  Street,  as  shown  by  the  records  of 
the  time. 

William  Penn,  in  a  letter  dated  June  3,  1684,  referring  to  the  bank 
or  river  front  lots,  writes:  “The  bank  is  a  top  common  from  end  to 
end,  the  rest  next  the  water  belongs  no  more  to  front  lot  men  than 
back  lot  men.  The  way  (Front  Street)  bounds  them;  they  may  build 
stairs,  and  the  top  of  the  bank  a  common  exchange  or  walk;  and 
against  the  streets  common  wharves  may  be  built  freely;  but  into  the 
water,  and  the  shore,  is  no  purchaser’s.” 

Between  the  vears  1684  and  1690  the  demands  of  commerce  and 
%/ 

the  occupancy  of  certain  portions  of  the  river  bank  by  stores  caused 
a  change  in  policy,  as  patents  for  bank  lots  lying  eastward  of  Front 
Street  were  issued  to  citizens  prior  to  and  during  1690-1691. 

Regulation  oj  Bank.—' These  patents  restricted  the  heights  of  build¬ 
ings  on  the  bank  side  of  Front  Street,  which  gave  rise  to  a  petition 
from  the  owners  to  build  as  “high  as  they  pleased.”  After  considera¬ 
tion  the  Commissioners  of  the  Proprietary  formulated  what  is  known 
as  the  “Regulation  of  the  Bank.”  The  petition  was  granted,  one  of 
the  conditions  being  that  all  owners  “shall  regularly  leave  thirty  foot 
of  ground  in  the  clear,  for  a  cartway  under  and  along  the  said  whole 
bank,  and  in  convenient  time  shall  make  the  same  to  lx*  a  common  and 
public  cartway  for  all  persons,  by  day  and  by  night,  forever  hereafter.” 
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Water  Street  Laid  Out. — This  indicates  the  way  in  which  the  present 
W  ater  Street  was  first  laid  out. 

The  Act  of  March  24,  1832,  was  passed  to  enable  the  “Mayor,  Alder¬ 
men,  and  citizens  of  Philadelphia  to  carry  into  effect  certain  improve¬ 
ments  and  execute  certain  trusts  relative  to  the  will  of  Stephen  Girard.” 

Since  the  year  1090  the  bank  lots  had  been  built  upon  on  the  easterly 
side  of  Front  Street  and  the  boundary  avenue  moved  to  Water  Street. 

The  commerce  during  the  time  of  Stephen  Girard  had  so  much  in¬ 
creased,  and  with  it  the  extension  of  wharves  further  into  the  river, 
and  the  building  of  stores  near  the  wharves,  as  to  demand  further  en¬ 
croachments  upon  the  river. 

A  firm  belief  in  the  future  commercial  importance  of  Philadelphia, 
and  a  keen  grasp  of  the  necessities  of  the  time  and  of  the  future,  un¬ 
doubtedly  were  possessed  by  Stephen  Girard,  to  enable  him  to  plan 
as  he  did,  not  only  for  laying  out  a  new  front  street  on  the  Delaware 
River,  but  to  plan  and  provide  for  its  expansion,  as  indicated  by  the 
following  section  of  his  will,  proved  December  31,  1831,  in  which  he 
set  aside  $500,000,  the  interest  to  be  used  thus: 

Stephen  Girard’s  Will. — “To  lav^  out,  regulate,  curb,  light,  and  pave 
a  passage  or  street  on  the  east  part  of  the  city  of  Philadelphia,  fronting 
the  River  Delaware,  not  less  than  twenty-one  feet  wide,  and  to  be 
called  Delaware  Avenue,  extending  from  Vine  to  Cedar  Streets,  all 
along  the  east  part  of  Water  Street  squares,  and  the  west  side  of  the 
logs  which  form  the  heads  of  the  docks,  or  thereabouts;  and  to  this 
intent  to  obtain  such  acts  of  Assembly,  and  to  make  such  purchases 
or  agreements,  as  will  enable  the  Mayor,  Aldermen,  and  Citizens  of 
Philadelphia  to  remove  or  pull  down  all  the  buildings,  fences,  and  ob¬ 
structions  which  may  be  in  the  way,  and  to  prohibit  all  buildings, 
fences,  or  erections  of  any  kind  to  the  eastward  of  said  avenue;  to  fill 
up  the  heads  of  such  of  the  docks  as  may  not  afford  sufficient  room 
for  the  said  street;  to  compel  the  owners  of  wharves  to  keep  them 
clean  and  covered  completely  with  gravel  or  other  hard  materials, 
and  to  be  so  leveled  that  water  will  not  remain  thereon  after  a  shower 
of  rain;  to  completely  clean  and  keep  clean  all  the  docks  within  the 
limits  of  the  city  fronting  on  the  Delaware;  and  to  pull  down  all  plat¬ 
forms  carried  out  from  the  east  part  of  the  city  over  the  River  Dela¬ 
ware,  on  piles  or  pillars.” 

Delaware  Avenue  Laid  Out. — Councils,  by  ordinance  of  Februarv 
27,  1834,  following  out  the  provisions  of  the  above-quoted  section  of 
the  will  of  Stephen  Girard,  authorized  the  laying  out  of  Delaware 
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Avenue,  twenty-five  feet  in  width,  from  \  ine  to 
Street). 


Cedar  Streets  (South 


By  various  ordinances  covering  a  period  from  1834  to  1839  the  open¬ 
ing  of  portions  of  this  avenue  was  authorized. 

Proceeding  under  the  authority  of  the  Act  above  quoted,  the  Trustees 
under  the  will  performed  and  bore  the  expense  of  this  work,  covering 
a  period  from  1834  to  1845. 

Initial  Widening  of  Delaware  Avenue. — The  increase  in  commerce 
about  this  time  demanding  a  further  increase  in  facilities,  the  Trustees, 
acting  under  the  same  authority,  between  the  years  1857  and  1867, 
widened  the  avenue  from  a  width  of  25  feet  to  that  of  50  feet  between 
Vine  and  South  Streets. 

The  City  of  Philadelphia  as  Trustee  under  the  will  of  Stephen 
Girard,  expended  between  1832  and  1845  the  sum  of  $249,696.81.  On 
account  of  the  second  widening  of  the  avenue,  between  1857  and  1867, 
they  spent  the  sum  of  $313,726.30,  which  does  not  include  large  sums 
paid  for  paving,  lighting,  and  cleaning  the  avenue. 

That  portion  of  Delaware  Avenue  between  Dock  Street  and  Wash¬ 
ington  Avenue  was  authorized  to  be  placed  upon  the  plan  of  the  width 
of  80  feet  by  an  Act  of  Assembly  of  May  15,  1871,  and  an  ordinance 
of  Councils  of  May  13,  1872,  and  was  confirmed  by  the  Board  of  Sur¬ 
veyors  June  24,  1872. 

The  ordinance  of  July  3,  1872,  authorized  the  Chief  Commissioner 
of  Highways  to  open  Delaware  Avenue,  and  the  Pennsylvania  Rail¬ 
road  Company  was  authorized  to  occupy  30  feet  of  width  on  the  east¬ 
erly  side  thereof,  provided  that  the  city  of  Philadelphia  shall  be  at  no 
expense  for  the  bulkheads  and  graduation  and  paving  thereof.  The 
work  was  practically  completed  as  authorized. 

March  7,  1873,  an  Act  of  Assembly  was  passed  authorizing  the  Chief 
Commissioner  of  Highways  of  the  city  to  open  Delaware  Avenue  from 
the  north  side  of  Dock  Street  to  Christian  Street,  of  the  width  of  80 
feet. 

By  an  Act  of  March  12,  1873,  the  Pennsylvania  Railroad  Company 
was  authorized  to  occupy  for  railroad  purposes  the  easternmost  30 
feet  of  Delaware  Avenue,  as  widened  between  Dock  Street  and  Chris¬ 
tian  Street. 

Commission  to  Report  on  Widening  of  Delaware  Avenue. — On  May 
11,  1877,  Councils  by  resolution  authorized  the  appointment  of  a  Com¬ 
mission  to  examine  into  and  estimate  the  cost  of  widening  Delaware 
Avenue  between  Walnut  and  Vine  Streets,  either  on  the  west  side  or  on 
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the  east  side,  to  the  width  of  90  feet.  The  Commission  reported  on 
June  29,  1877,  upon  both  these  propositions,  and  recommended  at 
that  time  the  widening  on  the  east  line  to  a  width  of  SO  feet  between 
Dock  and  Vine  Streets,  estimating  the  cost  of  the  same  at  8470,000. 
The  Commission  consisted  of  Samuel  L.  Smedlev,  then  Chief  Engineer 
of  the  city,  1).  Hudson  Shedaker,  Robert  Briggs,  and  Strickland 
Kneass.  Xo  work  was  ever  done  toward  the  widening  of  the  avenue 
based  upon  this  recommendation. 

Improvement  of  Harbor. — On  August  11,  1888,  Congress  authorized 
an  appropriation  with  which  the  work  of  improving  the  harbor  was  to 
begin.  The  necessity  for  wharves  of  sufficient  length  to  dock  larger 
vessels  was  recognized  by  the  Board  of  Engineers  reporting  upon  the 
project  for  improvement,  which  involved  the  removal  of  Smith  and 
Windmill  Islands,  covering  about  25  acres,  and  a  portion  of  Betty 
Island,  opposite  the  city  water  front,  and  the  construction  of  a  channel 
from  Fisher’s  Point  to  Kaighn’s  Point,  1900  feet  width  between  pier¬ 
head  lines,  of  a  least  depth  of  26  feet  for  a  width  of  1000  feet,  along  the 
Philadelphia  front,  and  for  the  remaining  width  of  900  feet  a  depth 
decreasing  from  26  feet  to  12  feet  at  low  water,  along  the  Camden  side, 
giving  a  normal  cross-section  to  the  river  of  55,000  square  feet  at  mean 
low  water. 

The  act  provided  that  the  title  to  Smith  and  Windmill  Islands  and 
that  portion  of  Petty  Island  taken  should  first  be  acquired  by  the 
United  States,  but  limited  the  appropriation  for  the  purpose  to 
8300,000. 

State  and  City  Expenditures. — The  State  of  Pennsylvania,  by  the 
Act  of  May  31,  1889,  appropriated  8200,000,  and  the  city  of  Philadel¬ 
phia,  by  Ordinance  of  May  15th  of  the  same  year,  appropriated  8230,000 
to  aid  in  securing  the  title  to  the  government.  The  city  actually 
paid  of  this  sum  8208,652.86. 

Revised  wharf  lines,  increasing  the  limit  to  which  piers  may  extend 
into  the  Delaware  River,  were  established,  the  final  ordinance  being 
approved  October  7,  1891. 

The  harbor  work  was  begun  in  1891,  but  very  little  was  accomplished 
until  1893,  the  whole  work  under  the  project  being  completed  in  De¬ 
cember,  1897.  As  this  work  of  increasing  the  depth  of  channel  of  the 
river  was  progressing,  preparations  were  being  made  to  increase  the 
landing  facilities. 

The  national  government  had  been  carrying  on  the  work  of  deepen¬ 
ing  the  channel  of  the  Delaware  River  to  a  depth  of  26  feet  below  low 
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Fig.  2. — Harbor  View  before  Removal  of  the  Islands. 
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water  from  the  harbor  to  the  sea,  which  work  was  supplemented  by 
the  city  of  Philadelphia,  $90.5,000  having  been  expended  by  the  city, 
$685,000  of  which  was  expended  on  the  Delaware  River. 

For  some  years  prior  to  1895  the  conditions  along  Delaware  Ave¬ 
nue  were  very  unfavorable  to  the  development  of  commerce,  and  be¬ 
tween  Vine  and  South  Streets  was  a  badly  congested  district  during 
the  business  hours  of  the  day,  resulting  in  frequent  blockades  and  great 
delay  to  shippers. 

Widening  oj  Delaware  Avenue  Authorized. — Councils,  by  Ordinance 
dated  June  23,  1893,  authorized  the  widening  of  Delaware  Avenue, 
between  Christian  Street  and  Laurel  Street,  to  a  least  width  of  150 
feet,  the  easternmost  line  to  conform  to  the  bulkhead  line  established 
by  the  Secretary  of  War.  Plans  were  prepared  in  accordance  with 
the  ordinance,  the  increased  width  of  the  street  being  taken  from  the 
docks  on  the  easterly  side  of  the  avenue,  except  at  Pine  Street  and 
Lombard  Street,  where  corners  of  buildings  on  the  west  side  were  cut 
off,  and  between  Market  and  Walnut  Streets,  where  the  westerly  line 
of  the  avenue  as  laid  down  cuts  off  several  feet  from  the  fronts  of  the 
properties.  These  latter  properties  were  exempted  in  the  ordinance 
authorizing  the  physical  widening  of  the  avenue.  This  plan  was  con¬ 
firmed  bv  the  Hoard  of  Surveyors  on  November  19,  1894. 

By  Ordinance  of  March  11,  1895,  Councils  authorized  the  physical 
widening  of  the  avenue  to  the  width  as  laid  down  upon  the  plan,  except¬ 
ing  the  properties  on  the  west  side  between  Market  and  Walnut  Streets, 
and  authorized  the  Mayor  of  the  city  to  negotiate  with  property  owners, 
with  9  view  to  an  adjustment  of  the  damages  suffered,  by  reason  of 
the  taking  of  the  property  for  the  widening.  Negotiations  were 
carried  on  by  the  Mayor,  through  the  Bureau  of  Surveys,  with  inter¬ 
ested  owners,  comprising  some  of  the  larger  corporations  in  the  city, 
which  resulted  in  the  majority  of  the  owners  agreeing  amicably  with 
the  city  upon  the  amount  of  damages  suffered. 

Basis  of  Negotiations  for  Settlement  of  Damages. — The  settlements 
were  made  upon  the  following  basis:  (1)  The  measure  of  damages  for 
the  area  of  pier  taken  is  the  cost  of  building  an  equal  area  eastward 
into  the  stream,  or,  in  other  words,  to  reinstate  the  owner  in  a  position 
equal  to  that  which  he  enjoyed  before  the  widening.  (2)  Wharf  owners 
to  be  paid  for  all  structures  on  the  east  side  of  Delaware  Avenue  taken 
by  the  widening.  (3)  The  work  of  widening  to  be  carried  on  so  as  not 
to  interfere  with  the  business  of  the  owners.  (4)  The  city  to  bear  the 
expense  of  proper  connection  between  the  piers  and  new  bulkhead. 
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Fig.  3. — Plans  ok  Delaware  Avenue  Before  and  After  the  Widening. 
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With  the  exception  of  about  four  owners  upon  the  easterly  side 
of  Delaware  Avenue  and  a  few  owners  on  the  westerly  side  of  Dela¬ 
ware  Avenue,  whose  interests  were  such  that  the  basis  above  quoted 
could  not  be  accepted,  all  the  damages  were  settled  by  negotiation 
without  litigation.  The  claims  of  three  of  the  owners  mentioned,  on 
the  easterly  side  of  Delaware  Avenue,  were  finally  settled,  the  city 
acquiring  title  to  the  river  front  property  adjacent  to  the  city  piers. 
One  suit  is  pending,  but  will  probably  reach  an  amicable  adjustment. 

Settlements  with  Owners  Authorized. — Councils,  by  Ordinance  of 
October  6,  1896,  authorized  the  payment  of  the  sums  agreed  upon 
between  the  Mayor  and  the  owners,  in  consideration  of  which  the 
owners  dedicated  the  bed  of  Delaware  Avenue  and  released  all 
claims  for  damages.  By  Ordinance  of  January  13,  1896,  the  crea¬ 
tion  of  a  loan  of  $1,500,000  was  authorized  for  the  purpose  of  carrying 
on  the  work  of  widening  Delaware  Avenue.  By  Ordinance  of  March 
31,  1896,  the  work  of  widening  the  Avenue,  constructing  a  bulkhead, 
building  of  sewers,  and  extension  of  city  piers  was  authorized,  to¬ 
gether  with  all  the  necessary  work  to  permanently  pave  the  Avenue. 

Physical  Widening  of  the  Avenue  Authorized. — By  Ordinance  of 
November  27,  1896,  the  Board  of  Directors  of  City  Trusts  was  author¬ 
ized  to  join  with  the  City  Department  in  carrying  on  this  work,  and 
it  agreed  to  set  aside  the  sum  of  $650,000  for  this  purpose,  which 
represented  the  surplus  interest  which  had  accumulated  from  the 
original  bequest  of  $500,000  of  Stephen  Girard. 

As  a  result  of  the  payment  of  $865,961.23  by  the  city  for  acquiring 
property,  and  in  payment  of  damages  for  property  taken  for  the 
widening,  the  corporations  and  individuals  tore  down  the  old  structures 
and  built  new  and  enlarged  structures,  some  of  them  of  steel,  giving 
additional  accommodations  to  shippers  and  inviting  commerce  to  the 
port.  Applications  for  pier  extensions  were  first  made  in  1894,  during 
which  year  two  were  so  extended. 

The  improvements  made  by  the  owners  were  largely  in  excess  of 
the  amount  of  compensation  received  from  the  city.  Several  millions 
of  dollars  were  probably  spent  for  the  improvements. 

The  city  of  Philadelphia  owned  valuable  water  front,  including 
piers,  at  the  foot  of  Race  Street,  Arch  Street,  Chestnut  Street,  and 
Dock  Street,  other  property  at  the  foot  of  Vine  Street,  Market  Street, 
and  South  Street  being  used  by  ferry  companies  under  leases. 

The  work  of  widening  Delaware  Avenue  having  been  authorized 
and  appropriation  made,  measures  were  taken  to  determine  the  con- 
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dit  ions  which  would  be  met  in  constructing  a  bulkhead  across  the  docks, 
by  making  test  borings  and  driving  test  piles. 

Test  Borings. — The  borings  indicated  soft  mud  lying  over  a  harder 
stratum  of  mud,  reaching  to  a  depth  in  some  cases  of  GO  feet,  where 
gravel  was  met.  In  some  cases  gravel  was  reached  at  a  depth  of  32 
feet,  but  the  average  was  about  44  feet.  All  of  the  above  depths  are 
referred  to  city  datum,  2.25  feet  above  mean  high  water. 

Test  Piles. — The  test  piles  in  some  cases  went  through  the  mud  with 
a  few  blows  and  brought  up  hard.  At  other  times  it  was  necessary 
to  give  a  pile  200  blows  before  it  brought  up.  Tests  were  made  with  the 
ordinary  pile  driver  and  with  the  steam  pile  driver.  The  advantage 
was  in  favor  of  the  latter,  and  as  most  of  the  piles  were  driven  with 
steam,  the  penetration  was  greater  than  would  occur  in  ordinary 
practice. 

Tests  were  also  made  in  driving  piles  with  and  without  steel  shoes, 
under  similar  conditions.  A  number  of  piles  were  withdrawn  and  the 
condition  of  the  shoes  or  points  examined.  The  results  of  these  tests 
proved  that,  excepting  where  old  timber  cribs  were  encountered,  as 
great  a  penetration  could  be  obtained  without  shoes  as  with  them, 
owing  to  the  fact  that  a  broomed  point  did  not  seriously  interfere 
with  the  driving,  while  a  displaced  shoe  did. 

Essential  Parts  of  the  Work. — The  first  essential  in  the  work  was  the 
construction  of  a  bulkhead  about  5200  feet  in  length.  In  addition  to 
the  construction  of  the  bulkhead,  the  work  embraced  the  construction 
and  reconstruction  of  about  8000  lineal  feet  of  sewers  of  various  sizes, 
in  the  adjacent  streets,  on  a  system  by  which  the  ordinary  flow  of 
sewage  from  this  district  was  intercepted  and  carried  out  to  discharge 
at  the  pierhead  line,  while  the  storm-water  flow  Avas  permitted  to  dis¬ 
charge  at  the  head  of  the  docks,  and  also  included  the  filling  in  of  the 
reclaimed  areas  and  the  temporary  paving  of  the  entire  new  portion 
of  the  avenue  with  granite  blocks  on  a  gravel  base. 

The  reclaiming  of  a  strip  of  from  70  to  100  feet  in  width,  taken  from 
the  docks,  having  a  depth  of  water  varying  from  4  to  20  feet,  covering 
a  layer  of  soft  mud  from  10  to  40  feet  thick,  resting  on  the  gravel  bed 
of  the  river,  presented  a  number  of  problems  for  solution:  (1)  The 
best  method  of  dealing  with  this  soft  river  bottom  to  insure  sta¬ 
bility  in  the  completed  structure;  (2)  the  best  way  to  confine  the 
filling  to  prevent  movement  in  the  bulkhead;  and  (3)  the  best  type  of 
bulkhead  to  adopt  to  meet  the  requirements  of  stability,  economy, 
and  appearance. 
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Fig.  4. — Redrawn  Piles  with  Shoes. 


Fig.  5. — Redrawn  Piles  without  Shoes 
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A  considerable  number  of  preliminary  studies  and  plans  had  been 
made,  and  after  the  tests  referred  to  above,  the  final  designs  were 
determined  upon,  the  plans  brought  to  completion,  the  work  adver¬ 
tised,  and  begun  October,  1897. 

General  Description. — The  plans  adopted  for  the  bulkhead  con¬ 
sisted  of  two  types,  known  as  the  General  Timber  and  General  Con¬ 
crete  Sections.  The  former,  consisting  of  a  concrete  wall  on  pile  and 
timber  platform,  backed  by  sheet  piling  and  braced  by  spur  piles,  was 
adopted  back  of  ferry  slips,  open  piers,  or  where  permanent  pile  plat¬ 
form  extended  beyond  the  bulkhead  line,  where  appearance  was 
secondary  and  economy  was  of  primary  consideration.  The  latter, 
although  more  costly,  was  adopted  for  the  head  of  all  docks  and  open 
waterways,  as  it  promised  to  be  more  permanent  than  the  other  sec¬ 
tion,  and  was  not  open  to  the  following  objections  which  applied  to  the 
other  section:  viz.,  the  tendency  of  sewage  and  offal  to  collect  and 
decay  under  the  platform  and  the  unsightly  appearance  at  low  tide 
of  the  woodwork  below  the  platform. 

Piles  and  Pile  Shoes. — Southern  yellow  pine  piles  were  used  through¬ 
out  the  entire  work,  those  forming  the  support  for  the  concrete  blocks 
of  such  size  as  to  cut  off  at  least  12  inches  in  diameter,  12  feet  below 
low  water.  All  other  piles  were  14  inches  diameter  where  cut  off  in 
the  work.  The  piles  were  driven  with  a  3500-pound  hammer,  with 
effective  fall  of  10  feet  to  refusal.  The  points  of  all  piles  were  trimmed 
to  a  4  inches  square  end,  and  the  piles  were  generally  driven  without 
shoes,  except  when  through  old  cribs  or  other  timber  work,  when 
chilled-point  shoes  were  used.  These  shoes  were  4  inches  square, 
fitted  squarely  to  the  point  of  the  pile  and  attached  by  four  straps, 
each  spiked  on  with  two  |  X  4  inch  spikes. 

Description  of  General  Timber  Section. — The  General  Timber  Section 
consists  of  transverse  rows,  5  feet  apart,  of  vertical  piles,  eight  to  the 
row,  spaced  5  feet  centers,  braced  by  two  inclined  piles  to  each  row, 
staggered  to  brace  the  middle  four  rows.  After  being  straightened 
and  stay-lathed  to  position,  the  piles  were  shouldered  transversely  to 
form  a  6-inch  tenon,  and  two  6  X  12  inch  clamps,  bearing  on  the 
shoulders,  were  bolted  with  two  f-inch  header  bolts  to  each  pile. 

On  top  of  the  clamps,  6  X  14  caps,  laid  flat,  were  spiked  to  the 
tenon  of  each  pile  with  a  j  inch  X  20  inch  rag  spike,  supporting  the 
flooring,  that  was  put  on  in  two  layers,  the  bottom  layer  being  4  inches 
thick  and  parallel  with  the  bulkhead  line,  spiked  to  the  caps  and 
clamps  with  f  X  14  inch  spikes,  the  upper  floor  being  3  inches  thick, 
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laid  diagonally  and  spiked  to  the  lower  floor  and  the  caps  with  '  X  10 
inch  spikes. 

Inclined  Piles. — The  inclined  piles,  staggered  two  to  each  row,  were 
driven  at  an  angle  of  30  degrees,  with  and  slightly  in  advance  of  the 
vertical  piles.  They  were  shouldered  under  the  clamps  and  butted 
against  a  12  X  12  inch  bearing  piece,  let  in  longitudinally  between 
the  contiguous  rows,  the  top  of  this  piece  being  level  with  the  top  of 
the  4-inch  floor  and  bolted  through  the  caps  and  clamps  with  j-inch 


Fig.  6. — Concrete  Wall  on  Platform. 


bolts.  Behind  the  eighth  row  of  piles  and  directly  under  the  clamps 
an  8  X  12  inch  waling  piece  was  bolted  longitudinally  with  the  floor¬ 
ing  for  the  support  of  the  sheet  piling,  which  was  10  inches  thick, 
grooved  and  fitted  with  a  4  inches  square  tongue  and  driven  close  to 
retain  the  filling. 

Riprap  and  Drag  Piles. — In  some  cases,  where  the  mud  was  very 
soft,  riprap  was  placed  directly  in  front  of  the  sheet  piling  for  addi¬ 
tional  stability.  For  extra  stiffening  of  the  structure,  the  alternate 
transverse  rows  were  extended  behind  the  sheet  piling  by  three  drag 
piles,  6  feet  centers,  and  the  clamps  were  extended  through  to  tie 
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them,  the  caps  ending  at  the  sheet  piling.  The  length  of  the  clamps 
was  so  fixed  that  they  were  spliced  alternately  on  the  piles  of  the 
seventh  and  eighth  rows  and  bolted  to  the  piles  and  each  other  through 
6  X  12  inch  packing  pieces. 

Merchantable  Inspection. — All  lumber  used  in  the  work  was  required 
to  pass  merchantable  inspection,  the  requirements  for  which  were 
specified  in  detail. 

Wall. — On  top  of  the  flooring  the  concrete  wall  was  built,  in  wooden 
forms  in  place.  This  wall  was  6  feet  thick  at  the  base,  3£  feet  thick 
on  top,  and  about  6  feet  high. 

Description  of  General  Concrete  Section. 

Gravel  Filling. — The  General  Concrete  Section  was  constructed  as 
follows:  The  soft  mud  directly  under  the  wall,  being  unsuitable  for 
foundation,  was  dredged  out  to  hard  bottom,  and  coarse  gravel  filling 
was  deposited  by  dump  scows  in  the  trench  so  dredged,  and  brought 
up  to  such  height  as  would  not  interfere  with  the  proper  cutting  off  of 
the  piles  (generally  to  within  about  2  feet  of  the  plane  of  cut-off), 
except  where  gravel  filling  was  12  feet  or  more  in  depth,  when  filling 
was  carried  up  to  a  depth  of  12  feet,  piles  driven  a  short  time  after  the 
filling  was  placed,  and  the  remainder  of  filling  then  placed. 

Piles. — The  piles,  after  being  driven,  were  cut  off  12  feet  below  low 
water,  by  a  horizontal  circular  saw  keved  to  a  vertical  shaft  set  in  a 
frame  suspended  between  the  conductors  of  the  pile  driver  and  raised 
or  lowered  by  a  chain  and  differential  pulley  block,  the  correct  eleva¬ 
tion  for  each  pile  being  determined  by  a  level  set  up  on  the  shore. 
The  power  was  obtained  by  belting  from  a  pulley  keyed  to  the  saw 
shaft  to  a  fly-wheel  temporarily  attached  to  one  of  the  drum  shafts 
of  the  hoisting  engine. 

Cement  Mattress. — After  the  piles  were  cut  off,  the  gravel  filling  was 
brought  up  level  with  the  tops  of  the  piles  and  a  cement  mattress,  3 
inches  thick,  of  cement  and  sand  mixed  1  to  3,  slightly  moist,  was 
lowered  and  stretched  evenly  over  the  piles,  for  the  purpose  of  taking 
up  any  inequalities  in  their  cut,  the  variation  in  height  being  limited 
to  1  inch.  The  following  method  of  making  the  mattress  was  adopted : 
A  white  pine  frame  of  sufficient  size  was  made  of  4  X  4  inch  scantling, 
reinforced  and  weighted  by  angle  irons;  around  this  frame,  about  18 
inches  apart,  |  X  3  inch  lag  screws  were  driven,  leaving  about  1  inch 
projecting;  a  basketwork  of  strong  ratline  cord,  ^  inch  diameter,  was 
tightly  woven  around  the  screws,  and  on  this  webbing  a  sheet  of 
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burlap  was  laid  and  sewed,  the  cement  mixture  being  evenly  spread 
to  the  required  thickness  on  the  burlap.  The  top  cover  of  burlap 
was  then  laid  over  and  sewed  on  around  the  edges.  Two  cross-braces 
were  placed  on  top  of  the  mattress,  between  the  sides  of  the  frame,  and 
the  mattress  looped  to  them  at  intervals,  for  support  to  prevent 
sagging.  Lines  were  attached  to  rings  at  the  four  corners  and  the  mat¬ 
tress  was  then  lowered,  being  set  to  position  and  spread  out  on  the 
heads  of  the  piles  and  cut  loose  by  divers. 


Fig.  7. — Lowering  tiik  Cement  Mattress. 


Portland  Cement  Requirements. — The  requirements  for  Portland 
cement  used  in  the  manufacture  of  the  concrete  were  as  follows: 

“Portland  cement  shall  have  a  specific  gravity  of  not  less  than 
three  (3)  and  shall  leave  by  weight  a  residue  of  not  more  than  one  (1 ) 
per  cent,  on  a  Xo.  50  sieve,  ten  (10)  per  cent,  on  a  No.  100  sieve,  and 
thirty  (30)  per  cent,  on  a  Xo.  200  sieve,  the  sieves  being  made  of  brass 
wire  cloth  having  approximately  twenty-four  hundred  (2400),  ten 
thousand  two  hundred  (10,200),  and  thirty-five  thousand  seven 
hundred  (35,700)  meshes  per  square  inch  respectively.  The  diameter 
of  the  wire  being  0.0090,  0.0045,  and  0.0020  of  an  inch  respectively. 
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“Pats  of  neat  cement  one-half  (4)  inch  thick,  with  thin  edges, 
immersed  after  ‘hard  set’  in  water  (maintained  at  a  temperature  of 
175°  F.),  shall  remain  firm  and  hard  and  show  no  signs  of  swelling, 
‘checking/  or  disintegration. 

“It  shall  require  at  least  thirty  (30)  minutes  to  develop  ‘initial’ 
set,  this  being  determined  by  means  of  the  Yicat  needle,  from  pats 
of  neat  cement  of  normal  consistency,  temperature  being  between  60° 
and  70°  F. 

“Briquettes  of  cement  one  (1)  square  inch  in  cross-section  shall 
develop  the  following  ultimate  tensile  strength: 


Age.  Strength. 

24  hours  (in  water  after  ‘hard'*  set), .  175  lbs. 

7  days  (1  day  in  air,  6  days  in  water), .  500  “ 

28  days  (1  day  in  air,  27  days  in  water), .  600  “ 

7  days  (1  day  in  air,  6  days  in  water),  1  part  of  cement  to  3 

parts  of  standard  quartz  sand, .  170  “ 

28  days  (1  day  in  air,  27  days  in  water),  1  part  cement  to  3 

parts  of  standard  quartz  sand, .  240  “ 


“All  cements  shall  meet  such  additional  requirements  as  to  ‘hot 
water/  ‘set/  and  ‘chemical’  tests  as  the  Chief  Engineer  may  deter¬ 
mine.  The  requirements  for  ‘set’  may  be  modified  where  the  condi¬ 
tions  are  such  as  to  make  it  advisable.” 

The  average  results  of  the  tests  of  samples  of  109  shipments  of 
American  Portland  cement,  representing  all  the  cement  used  in  the 
work,  were  as  follows: 


Time  of  Setting. 

Initial  set,  . 

Hard  set,  . 


119  minutes. 
307 


Tensile  Strength. 

24  hours,  neat,  . 

7  days,  “  . 

CC  (C 

“  3  parts  st’d.  sand, . 

(C  0  u  U  u 


28 

7 

28 


285  lbs 
615  ‘* 
719  “ 
211  “ 
276  “ 


Concrete  Masonry. 

Ingredients  and  Proportions. — Specifications  required  that  “All 
concrete,  unless  otherwise  specified,  shall  be  composed  of  one  (1)  part 
Portland  cement,  three  (3)  parts  coarse  sand  or  gravel,  and  six  (6) 
parts  broken  stone.  The  quality  of  the  cement  shall  be  as  previously 
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specified.  The  coarse  sand  or  gravel  shall  he  composed  of  grains 
graded  from  fine  to  coarse,  thoroughly  screened  to  reject  all  particles 
of  greater  diameter  than  j  of  an  inch,  and  shall  lx*  free  from  all  loam, 
dirt,  and  dust,  and  of  quality  to  be  approved  bv  the  Chief  Engineer. 
The  broken  stone  shall  be  clean  broken  granite,  of  trap  rock  or  other 
hard  stone  to  be  approved  by  the  Chief  Engineer,  crushed  to  pass 
through  a  2-inch  ring  and  thoroughly  screened  to  reject  all  pieces 
having  a  diameter  less  than  J  inch.  The  proportions  are  to  be  deter¬ 
mined  by  measurement  and  not  by  estimation. 

“The  cement  and  sand  shall  be  first  mixed  dry  in  suitable  tight 
boxes,  after  which  the  whole  mass  is  to  be  thoroughly  tempered  into 
a  mortar,  the  proper  amount  of  water  required  being  added  gradually 
during  the  process.  The  stones  having  been  spread  out  to  a  depth 
not  exceeding  six  (6)  inches  in  a  tight  box  or  upon  a  proper  floor,  and 
sprinkled  with  water  so  as  to  slightly  wet  their  surfaces,  the  mortar 
is  then  to  be  evenly  spread  over  them,  and  the  whole  mass  is  turned 
over  a  sufficient  number  of  times,  so  that  the  ingredients  shall  lx? 
thoroughly  incorporated.  If  any  other  method  of  making  concrete  is 
proposed,  the  process  to  be  used  shall  be  submitted  to  the  Chief 
Engineer  for  approval  before  the  work  is  commenced. 

“Concrete  shall  be  kept  in  motion  until  placed  permanently,  when 
it  shall  be  deposited  in  layers  not  exceeding  nine  (9)  inches  in  thick¬ 
ness,  and  thoroughly  compacted  by  tamping  with  rammers  weighing 
not  less  than  twenty-five  (25)  pounds,  until  a  film  of  water  appears  on 
the  surface. ” 

Concrete  Masonry  above  Low  Water;  Concrete  Facing  Docks. 

“Forms. — The  bulkhead  wall  above  low  water  facing  a  dock  or 
waterway,  as  shown  on  general  concrete  section,  shall  be  built  of 
concrete  made  in  place  in  wooden  forms  to  be  approved  by  the  Chief 
Engineer.  Rough  lumber  can  be  used  in  the  construction  of  all  forms, 
except  the  form  on  the  riverside  against  which  the  granolithic  face 
of  the  wall  is  built,  which  shall  be  made  of  yellow  pine  lumber,  laid 
with  close  joints,  and  planed  on  the  inner  side  to  insure  a  smooth 
and  perfect  surface  for  the  face  of  the  wall.  The  main  body  of  the 
walls  shall  be  built  of  concrete  made  and  laid  as  previously  described. 

Granolithic  Face. — The  river  face  of  the  wall  shall  be  a  granolithic 
mixture  composed  of  one  (1)  part  of  Portland  cement,  one  (1)  part 
of  sand,  and  one  (1)  part  of  granolithic  grit,  and  the  proper  amount  of 
water,  made  into  a  stiff  mortar  which  shall  be  deposited  by  skilled 
8 
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workmen  against  the  face  forms,  with  a  least  thickness  of  one  (1)  inch, 
in  advance  of  and  supported  by  the  backing  concrete,  the  stones  of 
which  shall  be  worked  well  back  from  the  face.  After  the  face  forms 
are  removed  and  before  the  cement  has  hardened,  the  face  shall  be 
floated  with  thin  plaster  of  three  (3)  parts  of  Portland  cement  and 
one  (1)  part  of  sand  of  proper  consistency  to  secure?  a  face  upon  the 
walls,  which  shall  show  no  inequalities  or  marks  whatsoever,  but  shall 
be  true  to  line,  smooth  and  perfect  in  even’  way.’’ 

Concrete  in  Flocks. — After  the  setting  of  the  cement  mattress, 
the  concrete  block  foundation,  consisting  of  two  tiers  of  blocks, 
was  set  in  place.  These  blocks  were  manufactured  at  a  pier  down 
the  river,  distant  about  one  mile  from  the  work.  They  were 
made  of  concrete,  mixed  by  power  in  an  iron  trough,  through 
the  center  of  which  passed  a  revolving  shaft  fitted  with  radial 
arms,  thoroughly  mixing  the  concrete  and  feeding  it  to  the  buckets 
on  an  endless  chain,  emptying  in  a  chute  leading  to  the  forms. 
These  forms  were  made  of  4-inch  sheet  steel,  braced  with  channel  iron 
and  so  constructed  that  they  could  be  readily  stripped  from  the 
blocks  when  sufficiently  set.  Wooden  cores  were  fixed  in  the  molds 
in  suitable  position  for  forming  the  chain  holes,  in  order  to  have  a 
smooth  surface  on  the  blocks,  the  larger  stones  in  the  mass  were 
worked  back  from  the  sides  of  the  mold  when  leveling  the  concrete, 
and  continual  tamping  with  an  iron  about  1  inch  wide  by  (j  inches 
long  was  kept  up  around  all  edges.  To  prevent  adhesion  of  the  cement 
to  the  form,  the  inside  faces  of  the  latter  were  coated  with  common 
oil.  During  freezing  weather  the  molds  with  the  freshly  made  blocks 
were  kept  covered  with  salt  hay,  and  no  injurious  effects  from  freezing 
were  found.  The  forms  were  generallv  taken  off  after  three  davs  and 
the  blocks  could  be  lifted  in  about  ten  days. 

Setting  Blocks. — The  blocks  were  lifted  from  the  wharf  by  the  setting 
machine,  which  consisted  of  an  “A”  frame  or  shear  pivoted  on  the 
bow  end  of  the  scow,  on  the  deck  of  which  was  laid  a  track  fore  and 
aft  for  the  transfer  truck.  They  wore  lowered  on  the  truck  and  then 
pulled  back  to  position,  where  each  block  was  jacked  up  to  free  the 
truck  and  then  let  down  to  a  bearing  on  the  track.  The  scow  was 
large  enough  to  take  nine  blocks  on  the  track,  and  usually  one  was 
carried  in  the  main  fall.  After  the  bottom  tier  of  blocks  was  set  the 
chain  holes  were  filled  with  concrete  in  bags,  rammed  in  place  by  a 
diver,  and  the  setting  of  the  top  tier  was  then  carried  on.  The  blocks 
were  set  to  line  by  means  of  offset  from  a  guide  wire  of  J-inch  steel 
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Fig.  9. — Block  Foundation  for  Bulkhead  Walt. 
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cable  stretched  across  each  dock  about  1  foot  above  the  base  of  blocks 
and  0  inches  east  from  the  bulkhead  line.  The  inspection  of  the  work 
of  setting  the  blocks,  as  well  as  other  submerged  work,  was  done  by 
divers  employed  by  the  city.  On  top  of  the  blocks  a  wrought-iron 
frame  was  set  with  two  vertical  standards  provided  with  sighting 
strips,  which  were  aligned  by  a  transit  set  up  on  shore. 

Machine  for  Setting  Blocks  behind  Piers  —  Where  there  were  <>1>- 
structions  which  kept  the  scow  so  far  away  that  the  shears  could  not 
reach,  a  track  was  laid  at  low  water  on  the  blocks  already  set.  <  )n 
this  track  was  a  three-truck  iron  car  with  two  cantilever  trusses, 
with  end  posts  which  overhung  about  8  feet  and  acted  as  stationary 
shears.  A  concrete  block  was  placed  on  the  rear  end  of  the  car  for  a 
counterweight,  the  car  was  run  to  the  scow  and  received  from  it  a 
concrete  block  which  was  suspended  from  a  tackle  attached  at  the  top 
of  the  overhang.  The  car  was  then  run  to  position  and  block  lowered 
to  place  by  a  hand  windlass.  This  operation  could  be  performed  at 
any  stage  of  the  tide,  the  portable  truck  being  laid  on  ties  and  stringers 
resting  on  the  blocks  already  set  and  cut  out  to  fit  over  tin*  dowels  on 
the  blocks.  After  the  top  blocks  were  set,  the  chain  holes  were  fillet  1 
with  concrete  in  bags,  put  in  at  low  water. 

Dimensions  of  Blocks. — The  general  dimensions  of  the  bottom 
blocks  are  12  X  8  X  54  feet,  weighing  approximately  32  tons.  The 
top  blocks  were  X  8  X  feet,  somewhat  lighter  in  weight.  On 
top  of  this  concrete  block  foundation,  the  top  of  which  was  at  mean 
low  water,  wooden  forms  were  erected  for  the  concrete  wall  built  in 
place. 

Wall  above  Low  Water. — This  wall  was  about  6  feet  wide  at  the  base 
and  10^  feet  high;  it  was  battered  1  inch  to  the  foot  on  the  river  side 
and  faced  with  granolithic  finish. 


Expansion  Joints. — In  order  to  provide  for  expansion  and  contrac¬ 
tion,  and  to  allow  independent  movement  in  different  sections,  two 
thicknesses  of  three-ply  tar  paper  were  built  in  between  the  adjacent 
sections,  which  were  generally  about  lb  or  20  feet  long.  On  top  of 
the  wall,  as  required  by  law,  was  placed  a  10  X  12  white  oak  ordnance 
timber  raised  on  blocks  2  X  12  X  12  inches,  fastened  by  bolts  set  in 
concrete  every  4  feet,  the  top  nuts  being  let  into  the  timber  and  covered 
by  a  6-inch  iron  plate  flush  with  to})  surface. 

Dry  and  Wet  Mixture  of  Concrete. — In  the  construction  of  the  concrete 
wall,  built  in  place  on  top  of  blocks  and  on  top  of  platform,  as  well  as 
in  the  manufacture  of  blocks,  it  was  found  that  a  greater  quantity  of 
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Fig.  10. — Setting  Blocks  behind  Piers. 
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ingredients  was  incorporated  in  a  given  section  where  the  concrete 
was  made  with  a  large  percentage  of  water  than  when  made  with  a 
small  percentage.  It  was  also  found  that  the  wet  mixture  gave  a 
smoother  surface  and  resulted  in  a  more  compact  wall. 

Drag  Piles. — Behind  the  wall  three  rows  of  drag  piles  were  driven. 
The  piles  were  spaced  10  feet  apart  transversely  and  the  rows  were 
driven  8  feet  apart  parallel  with  the  wall.  The  piles  were  shouldered 
and  clamped  transversely  to  the  direction  of  the  wall  with  two  0  X  12 
clamps,  bolted  to  each  pile  with  two  -J-inch  bolts  on  top  of  the  clamps, 
and  behind  the  projecting  heads  of  the  middle  row  of  piles  a  14  X  18 
inch  yellow  pine  timber  was  fastened  longitudinally  with  the  direction 
of  the  wall,  through  which  the  anchor  rods  from  the  bottom  tiers  of 
blocks  connected. 

Tension  Rods. — On  top  of  the  clamps  and  in  front  of  and  let  into 
the  front  row  of  piles  an  8  X  12  timber  was  bolted  parallel  with  the 
wall  and  12  X  16  inch  inclined  struts  were  driven  in  between  the 
projecting  ends  of  the  clamps  under  this  longitudinal  timber,  the 
bottom  end  wedging  against  the  offset  on  top  of  the  bottom  tier  of 
blocks  and  set  in  recesses  formed  for  them  at  the  back  of  the  bottom 
of  the  top  block.  A  1  j-inch  square  wrought-iron  eye-bolt  was  built 
into  the  middle  of  each  bottom  concrete  block,  and  from  this  eye-bolt 
a  2-inch  round  iron  hook-bolt  ran  to  the  middle  14  X  18  inch  anchor 
piece,  where  it  fastened  with  washer  and  nut,  thereby  making  a  com¬ 
plete  tie  for  the  entire  structure,  serving  to  transmit  the  stress  upon 
the  wall  to  the  drag  pile  system. 

Spur  Piles. — To  further  increase  the  stability,  two  spur  piles  were 
driven  alongside  of  the  middle  pile  in  each  drag  row  and  shouldered 
under  the  clamp,  and  headed  under  the  longitudinal  anchor  piece. 

Riprap. — In  front  of  the  wall  and  on  to})  of  the  gravel  filling,  riprap 
was  placed  to  protect  the  slope  from  washing,  and  behind  the  wall 
rubble  and  cobblestones  were  deposited,  forming  their  own  slope,  and 
brought  up  to  within  about  4  feet  of  the  top  of  the  wall.  This  was 
done  to  materially  broaden  the  base  and  to  bring  the  initial  load 
upon  the  back  of  the  wall  by  using  a  uniform  material  for  filling. 

Anchorage  to  Piers. — The  spaces  between  the  end  blocks  and  the 
sides  of  the  cribs  were  tightly  packed  with  concrete  in  bags,  to  prevent 
the  escape  of  the  filling,  and  the  “concrete  in  place’’  was  carried  over 
from  the  blocks  into  the  body  of  the  cribs  about  6  feet,  making  an 
end  anchor. 

Removed  of  Old  Wharves  and  Filling  Back  of  11  ’all.--  After  the  com- 
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Fig.  12. — Face  of  Finished  Wall. 
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pletion  of  the  bulkhead  wall  in  a  section  reaching  between  two  existing 

0 

piers,  all  timber  of  the  old  bulkhead  or  piers  was  removed  to  the 
plane  of  mean  tide,  about  minus  5.50  C.  I).,  after  which  dumping 
was  begun  from  one  pier  to  make  a  road  along  the  back  of  the  bulk¬ 
head.  All  dumping  was  then  done  from  this  road  so  as  to  allow  the 
earth  to  slope  away  from  the  wall.  None  of  tin*  filling  was  allowed  to 
be  done  by  hydraulic  method,  and  rigid  adherence  to  the  requirements 
that  all  dumping  must  be  done  from  the  bulkhead  wall  toward  the 
old  avenue  was  insisted  upon. 

Quantities  and  Prices. — For  the  construction  of  the  bulkhead  work 
the  following  quantities  of  materials  were  used: 


Price. 


6,322 

vertical  piles  . 

$8.75 

per  pile. 

901 

inclined  piles  . 

a 

10.67 

U  it 

1,160  lin.  ft.  sheet  piling  . 

u 

14.60 

“  ft. 

1,071,672  ft.  B.M.  sawed  timber . 

u 

33.10 

“  M. 

2,092  lin.  ft.  ordnance  timber  . 

ti 

.41 

“  ft. 

9,437 

cu.  yds.  concrete  in  blocks . 

u 

5.51 

“  cu.  yd 

3,325 

“  “  granolithic  faced  concrete  .  .  . 

u 

5.15 

a  u  tt 

2,177 

“  “  concrete,  behind  piers . 

u 

5.25 

u  a  u 

449 

“  “  concrete  in  bags  . 

(( 

5.49 

ti  n  a 

153,564 

“  “  dredging  . 

it 

.30 

u  a  u 

39,505 

“  “  of  riprap  . 

u 

1.00 

a  a  a 

152,454 

“  “  filling  behind  wall . 

(< 

.13 

a  n  a 

210 

pile  shoes . 

u 

.95 

“  shoe. 

98,933 

cu.  yds.  selected  gravel  filling  . 

u 

.25 

“  cu.  yd, 

The  timber  work  in  the  old  cribs  was  removed  to  about  mean  tide, 
and  the  following  are  the  areas  of  these  removals: 

154,529  sq.  ft.  solid  cribs . at  $0.09$  per  sq.  ft. 

91,624  ft.  cribs  on  piles  . “  .10  “  “ 

67,244  ft.  pile  platform  . “  .09  “ 

A  number  of  minor  items  and  prices  are  not  included  in  the  above. 

Dredged  Material. — All  material  dredged  from  the  site  of  the  bulk¬ 
head  was  pumped  ashore  by  pulsometer  on  property  of  the  (iirard 
Estate,  in  the  southern  section  of  the  city,  and  there  impounded, 
reclaiming  a  considerable  area  of  low  land. 

Paving. — After  the  complete  filling  in  of  the  docks,  the  entire  area 
was  paved  temporarily  with  granite  block  on  gravel  base,  completed 
in  December,  1900,  about  56,000  square  yards  of  paving  being  required. 

At  the  time  the  work  upon  the  bulkhead  was  designed  there  was 
some  question  as  to  the  permanence  of  concrete  as  compared  with 
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Fig.  13. — Separating  Chamber. 
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granite  ashlar  facing  backed  with  concrete.  After  being  in  service 
for  two  years,  t he  bulkhead  wall  has  proved  to  be  satisfactory  f« n*  the 
purpose  for  which  it  was  built. 

Appearance  of  Granolithic  Face. — The  granolithic  face  concrete 
appears  to-day  in  as  good  condition  as  when  it  was  completed,  except 
for  a  slight  granular  appearance,  near  low-water  line,  having  been 
unaffected  to  its  detriment  by  the  action  of  frost  or  ice  in  the  river. 
The  blocks  have  shown  no  sign  of  spalling  nor  disintegration.  Where 
it  was  necessary  to  feather  off  a  section  of  the  bulkhead  wall  about  0 
feet  in  length,  on  account  of  a  change  in  the  location  of  the  Race 
Street  pier  from  the  position  originally  contemplated,  the  interior  of 
the  concrete  was  shown  to  have  no  appreciable  voids  and  the  matrix 
was  stronger  than  the  stone. 

Two  Bulkhead; Sections  Compared. — As  to  the  choice  of  the  two  sec¬ 
tions  described,  the  timber  section  is  more  suitable  for  the  portion  of  the 
bulkhead  back  of  piers  or  ferry  houses,  as  it  is  more  easily  constructed 
and  presents  a  broad  and  stable  base.  The  behavior  of  the  general 
concrete  section  has  been  satisfactory.  Careful  measurements  taken 
to  determine  the  movement  in  the  wall,  since  its  completion,  show  that 
it  is  inconsiderable  and  very  much  less  than  was  anticipated. 

Cracking  has  been  avoided,  with  the  exception  of  where  the  wall  is 
founded  on  a  sunken  crib,  as  the  joints  compensate  for  the  expansion, 
contraction,  and  other  movements.  In  constructing  this  wall,  in  some 
places  it  was  necessary  to  anchor  into  or  cross  old  solid  crib  wharves, 
which  had  been  in  existence  for  more  than  fifty  years.  Contrary  to 
expectation,  where  the  wall  is  founded  upon  these  solid  cribs,  more 
movement  has  taken  place  than  where  the  pile  structure  was  used  as  a 
foundation. 

Sewers. 


The  work  of  widening  the  avenue  involved  the  extension  of  existing 
sewers  from  the  old  to  the  new  bulkhead,  on  the  line  of  streets  at  right 
angles  to  Delaware  Avenue.  Also,  in  view  of  the  extension  of  numer¬ 
ous  piers  for  a  distance  of  500  feet  or  more  into  the  river  from  the  new 
bulkhead,  and  the  consequent  diminution  of  the  velocity  of  the  current 
between  the  shore  and  the  pierhead,  it  was  found  to  be  important  to 
discharge  the  sewage  at  the  pierheads.  This  involved  the  construc¬ 
tion  of  an  interceptor  both  on  Market  Street  and  Pine  Street. 

Market  Street  Interceptor. — The  interceptor  at  Market  Street  con¬ 
sisted  of  a  brick  sewer  3  feet  in  diameter,  built  from  a  point  east  of 
Second  Street  to  Delaware  Avenue,  thence  deflecting  northward  and 
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Fig.  14. — Outlet  Sewer,  Section  through  Pier. 
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passing  out  under  the  pier  of  the  (lirard  Instate,  north  of  the  Market 
Street  ferries. 

Separating  Chamber. — The  diversion  of  the  sewage  from  the  sewer 
on  Market  Street,  (i  feet  in  diameter,  was  accomplished  by  constructing 
a  chamber,  in  which  the  inlet  to  the  interceptor  is  constructed  at  a 
lower  elevation  than  the  other,  in  such  a  manner  that  it  will  run  full 
before  there  can  be  any  flow  over  the  dam  at  the  lower  end  of  the 
chamber. 

Barrel  Sewer. — The  sewer  from  a  point  south  of  Arch  Street  to 
Market  Street,  which  was  constructed  in  Delaware  Avenue,  discharges 
into  this  interceptor.  The  brick  section  ends  at  the  bulkhead,  between 
which  point  and  the  pierhead  it  is  built  of  staves  and  bonded,  being 
fastened  by  a  yoke  of  yellow  pine  timber  and  bolts  to  tin*  piles  sup¬ 
porting  the  pier.  All  lumber  used  in  construction  of  barrel  sewers 
was  first  treated  with  creosote. 

Pine  Street  Interceptor. — The  construction  at  Pine  Street  differed 
in  that  the  existence  of  a  twin  sewer  7  feet  in  diameter  made  it  possible 
to  use  one  side  of  it  for  the  intercepted  sewage  by  raising  the  bottom 
and  shaping  the  invert  with  concrete  and  brickwork. 

Separating  Chamber. — In  the  separating  chamber  and  running 
diagonally  from  the  sewer  at  the  upper  end  to  the  separating  tongue 
there  was  constructed  of  concrete,  faced  with  brick,  a  dam  of  such 
height  as  to  exclude  the  tide  and  allow  sewage  to  fill  a  3-foot  sewer  to 
pass  through  the  north  twin  before  an  overflow  of  the  dam  would 
result. 

In  both  the  Pine  Street  and  Market  Street  sewers  the  excess  of 
storm  water  over  the  capacity  of  a  3-foot  sewer  flows  over  the  dams 
in  the  separating  chambers  and  passes  out  through  the  old  channels 
as  extended  into  the  heads  of  the  docks.  The  sewer  on  Delaware 
Avenue  from  Pine  Street  to  Dock  Street  is  connected  to  the  inter¬ 


ceptor. 

Other  sewers  on  Delaware  Avenue  connect  with  sowers  in  ('host nut 
Street,  Walnut  Street,  Dock  Street,  South  Street,  Arch  Street,  and 
Race  Street,  and  are  carried  out  under  the  piers  at  each  of  the  streets 
named. 

This  system  of  intercepting  the  sewage  has  done  away  with  a  nuisance 
which  was  for  a  long  time  a  source  of  complaint  from  the  pier  owners 
and  the  traveling  public  using  the  ferries. 


Isometric  Sketch 
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Typical.  Wooden  Pier  Construction 
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Fig.  16. — Finished  Pier  at  Arch  Street. 
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Pier  Construction. 

In  connection  with  t he  construction  of  the  bulkhead  and  sewers  and 
the  widening  of  Delaware  Avenue,  the  reconstruction  of  piers  upon 
city  property  was  authorized.  Owing  to  the  terms  of  a  lease  with  the 
Pennsylvania  Railroad  Company,  it  was  provided  that  the  city  pier 
at  the  foot  of  Dock  Street  should  be  extended  bv  the  Pennsylvania 
Railroad  Company,  lessee.  This  left  three  city  piers  between  the 
limits  of  Vine  and  South  Streets  to  be  improved  namely,  at  Race 
Street,  Arch  Street,  and  Chestnut  Street.  The  general  dimensions  of 
all  three  of  these  piers  is  80  feet  wide  by  lengths  varying  from  530 
to  540  feet,  extending  from  the  bulkhead  to  the  pierhead  line. 

Arch  and  Chestnut  Street  Purs. — The  substructures  of  the  piers  at 
Arch  and  Chestnut  Streets  were  completed  in  the  year  1898.  Sub¬ 
sequently,  an  enclosing  building  comprising  a  steel  skeleton  structure 
with  siding  of  galvanized  iron  and  slag  roof  was  provided  for  Arch 
Street,  this  pier  being  given  up  entirely  to  the  uses  of  commerce. 

Chestnut  Street  Pier  Pavilion. — It  was  considered  that  Chestnut 
Street  was  a  suitable  place  for  providing  a  pavilion  for  the  accommo¬ 
dation  of  the  public,  to  be  used  for  recreation  purposes.  To  this  end 
a  more  elaborate  construction  was  designed  than  at  Arch  Street, 
comprising,  in  addition  to  the  freight  facilities  provided  on  the  lower 
deck,  an  upper  deck  and  covered  pavilion,  the  former  consisting  of 
steel  floor  beams  covered  with  corrugated  iron  and  a  granolithic 
wearing  surface,  the  waterproofing  being  provided  by  the  use  of  an 
asphalt  layer  between  the  concrete  base  and  the  wearing  surface,  and 
the  pavilion  being  faced  with  copper,  the  interior  of  hardwood  finish. 

Foot  Bridge. — In  addition,  a  foot  bridge  with  granolithic  flooring, 
connected  with  the  upper  deck,  was  constructed  of  a  single  span 
crossing  Delaware  Avenue,  with  steps  descending  into  Chestnut  Street 
on  the  west  side  of  Delaware  Avenue. 

After  the  completion  of  the  bulkhead  upon  Delaware  Avenue, 
adjustments  having  been  made  with  the  owners  of  adjacent  property, 
the  old  pier  at  the  foot  of  Race  Street  was  torn  out  and  the  substructure 
of  a  new  pier  erected. 

Regulations  Governing  Pier  Construction. — All  of  these'  piers  are1  of  an 
open  pile  construction,  as  required  by  the'  regulations  of  t hi'  Secretary 
of  War,  which  are  as  follows: 

“1.  All  piers  hereafter  constructed  or  extended  must  extend  to  the' 
pierhead  line. 

“2.  No  cribs  or  other  solid  structure  shall  be  hereafter  constructed 
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Fin.  17. — Finished  Pier  at  Chestnut  Street. 
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Fio.  18. — Foot-bridge  at  Chestnut  Street. 
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between  the  bulkhead  and  pierhead  lines  below  a  level  2  feet  above 
mean  high  water. 

“3.  In  the  construction  of  new  piers  or  the  extension  of  old  ones 
the  pile  groups  supporting  the  superstructure  shall  be  at  least  10  feet 
apart.” 

In  order  to  provide  a  proper  footing  for  the  support  of  the  piles, 
coarse  gravel  was  dumped  on  the  site  of  the  piers  to  a  height  of  minus 
35,  city  datum,  and  piles  afterward  driven. 

Lumber. — The  piers  were  all  constructed  of  lumber  which  was 


Fig.  19. — Substructure  of  Race  Street  Pier. 


required  to  pass  prime  inspection  and  were  designed  to  carry  a  safe 
load  of  800  pounds  per  square  foot  on  the  lower  deck,  using  a  fiber 
stress  of  12,000  pounds  per  square  inch. 

Platforms  and  Steel  Columns. — An  interesting  feature  in  relation  to 
the  substructure  of  all  these  piers  may  be  noted,  consisting  of  the 
manner  in  which  the  superstructure  is  supported.  A  group  of  four  verti¬ 
cal  and  two  inclined  piles  is  placed  at  the  points  for  each  main  support, 
the  piles  are  sawed  off,  and  covered  with  a  platform,  at  the  elevation 
of  mid-tide;  upon  this  platform  is  placed  a  steel  column,  braced  and 
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Fiu.  20. — Race  Street  Pier  under  Construction. 
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anchored,  passing  through  the  deck,  and  upon  which  the  column  of 
the  main  structure  rests.  This  permits  a  renewal  of  the  woodwork 
in  the  lower  deck  without  disturbing  or  otherwise  supporting  the 
superstructure. 

Race  Street  Pier. — The  superstructure  of  Race  Street  pier  was  also 
designed  for  recreation  purposes,  provision  being  made  upon  the 
lower  deck  for  commerce  and  upon  the  upper  deck  a  covered  pavilion 
with  open  sides,  of  more  than  double  the  area  of  the  Chestnut  Street 
pavilion,  constructed  of  steel  and  sheathed  with  copper. 

Toicers. — A  feature  upon  the  Race  Street  pier,  on  the  lower  deck 
of  which  quarters  were  fitted  up  for  the  use  of  the  harbor  police  and 
firemen,  was  the  erection  of  two  towers  at  the  river  end  of  the  pavilion, 
one  of  Avhich,  on  the  south  side,  is  for  the  use  of  the  harbor  firemen  in 
drying  hose  and  as  a  lookout;  the  other  of  which,  on  the  north  side,  is  for 
the  use  of  the  public  as  an  observatory.  The  upper  deck  of  this  pier 
was  built  in  a  manner  similar  to  that  of  Chestnut  Street,  access  from 
Delaware  Avenue  being  obtained  by  means  of  two  stairways  not  com¬ 
municating  with  the  lower  deck  of  the  pier. 


Cost  of  the  Improvement  of  Landing  Facilities  of  the  Port. 
The  cost  of  the  entire  work  thus  far  completed  is  as  follows: 


Bulkhead,  sewers,  and  appurtenant  work, .  $569,034.57 

City  piers,  substructure, .  155,744.46 

City  piers,  superstructure, .  213,872.10 

Acquiring  property  for  additional  frontage  adjacent  to 

city  piers, .  207,274.34 

Property  damages  for  widening  of  the  avenue, .  658,686.89 


$1,804,612.36 


Results  Obtained. — The  results  obtained,  to  those  who  will  recall  the 
dilapidated  condition  of  the  sheds  and  stumps  of  piers  which  existed 
prior  to  the  commencement  of  this  work,  are  fully  apparent.  From 
a  narrow  avenue  50  feet  in  width,  with  numerous  ruts  in  the  paving, 
upon  which,  during  the  business  hours  of  the  day,  there  were  several 
lines  of  drays,  badly  blocked  at  times  and  forming  a  barrier  for  pedes¬ 
trians  to  and  from  the  ferries  and  other  piers,  there  is  now  a  broad 
avenue,  permitting  of  speedy  removal  and  delivery  of  freight. 

The  freight  stations  have  been  greatly  enlarged,  and  new  and  com¬ 
modious  buildings  of  a  permanent  character  upon  the  new  east  line 


Fig.  22. — Race  Street  Pier,  Towers. 
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ol  the  avenue  have  been  built.  The  rapidity  of  the  growth  of  these 
improvements  has  exceeded  all  expectations. 

Railroad  Tracks. — Negotiations  are  in  progress  with  a  view  to 
having  all  the  railroad  interests  accommodated  with  a  limited  number 
of  tracks,  giving  ample  railroad  connection  to  the  piers  and  ware¬ 
houses. 

I  pon  the  completion  of  these  negotiations,  and  the  laying  of  the 
rails  by  the  different  companies,  it  is  the  intention  of  the  city  to  widen 
and  repave  the  footways  and  to  pave  the  avenue  with  granite  blocks 


Fig.  23. — Finished  Pier  at  Race  Street. 

upon  a  concrete  base,  all  the  electrical  conduits  and  water  and  gas 
mains  having  been  laid  to  this  end. 

Proposed  Extensions. — Negotiations  are  also  pending  with  owners 
of  piers  between  Vine  Street  and  Green  Street,  with  a  view  to  carrying 
the  improvement  to  the  latter  street.  From  the  success  attending 
the  negotiations  so  far,  it  is  probable  that  steps  may  be  taken  toward 
the  actual  work  of  widening  during  the  coming  year. 

Magnitude  of  the  Work. — The  work  of  widening  Delaware  Avenue 
and  incidental  improvements  made  by  pier  owners,  in  connection  with 
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Fig.  24. — Congested  Condition  on  Old  Avenie. 
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Fig.  25. — View  op  the  Widened  Delaware  Avenue. 
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the  harbor  improvement,  completed  by  the  Federal  Government,  and 
the  work  of  deepening  the  Delaware  River  to  the  sea,  carried  on  in 
part  by  the  United  States  Government  and  in  part  by  the  city  of 
Philadelphia,  comprise  one  of  the  largest,  if  not  the  largest,  in  point  of 
expense,  of  any  improvement  undertaken  and  completed  in  or  about 
the  city  of  Philadelphia. 

This  work  was  begun  under  the  administration  of  Hon.  Charles 
F.  Warwick,  Mayor,  Mr.  Thomas  M.  Thompson,  Director  of  the  De¬ 
partment’ of  Public  Works,  and  completed  under  the  Administration 
of  Hon.  Samuel  H.  Ashbridge,  Mayor,  Mr.  William  C.  Haddock, 
Director  of  the  Department  of  Public  Works. 

The  work  was  designed  and  executed  under  the  supervision  of  the 
Bureau  of  Surveys,  Mr.  George  S.  Webster,  Member  of  the  American 
Society  of  Civil  Engineers,  Chief  Engineer.  It  was  under  the  direct 
charge  of  Mr.  George  E.  Datesman,  Principal  Assistant  Engineer,  and 
Mr.  Norman  L.  Stamm,  Assistant  Engineer  of  Construction,  who 
succeeded  Wm.  H.  Millard,  Assistant  Engineer,  resigned. 

The  Board  of  Directors  of  City  Trusts  joined  the  city  of  Philadelphia 
in  defraying  the  expense  of  the  improvement,  paying  for  bulkhead, 
sewers,  and  paving,  being  represented  by  Mr.  Geo.  E.  Kirkpatrick, 
Superintendent,  and  Mr.  J.  A.  Bensel,  Member  of  the  American  Society 
of  Civil  Engineers,  their  Consulting  Engineer. 


DISCUSSION. 

L.  Y.  Schermerhorn. — In  connection  with  the  interesting  and  valuable 
paper  presented  by  Mr.  Webster,  upon  the  development  of  the  Delaware  River 
water  front  of  Philadelphia,  a  brief  reference  to  the  rise  and  development  of  the 
government  plans  for  the  improvement  of  Philadelphia  harbor  will  be  of  interest. 

The  entire  work  may  be  divided  into  two  parts:  (1)  The  removal  of  all  ob¬ 
structions  to  commerce  outside  of  established  harbor  lines;  and  (2)  the  furnishing 
of  suitable  landing  and  shore  facilities  for  the  commerce  of  the  port.  The  first 
was  undertaken  by  the  national  government;  the  second  devolved  upon  the 
city,  and  upon  private  and  corporate  enterprise. 

The  earliest  official  action  toward  improved  harbor  facilities  was  that  of  City 
Councils,  on  July  8,  1879,  whereby  a  Board  of  Harbor  Commissioners  was  created, 
whose  duty,  in  an  advisory  capacity  to  Councils,  was  the  conservation  of  the 
harbor  and  the  consideration  of  plans  for  its  improvement. 

By  the  River  and  Harbor  Act  of  August  2,  1882,  provision  was  made  for  the 
survey  of  the  Harbor  of  Philadelphia,  with  a  view  of  removing  Smith  and  Wind¬ 
mill  Islands.  Col.  G.  Weitzel,  the  United  States  engineer  in  local  charge,  esti¬ 
mated  the  cost  of  the  removal  of  these  islands,  to  a  depth  of  12  feet  at  low  water, 
at  $442,000,  but  regarded  the  improvement  as  one  mainly  for  increased  cross¬ 
river  traffic;  he  did  not  consider  that  the  improvement  would  be  permanent. 
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Under  the  continued  agitation  for  the  necessity  for  improved  harbor  facilities, 
in  1884  the  removal  of  a  part  of  Petty  Is’and,  at  an  estimated  cost  of  $1,000,000, 
was  considered  by  the  national  government.  Nothing,  however,  came  of  these 
plans,  since  they  were  regarded  by  the  government  in  the  light  of  expedients 
for  special  parts  of  the  harbor,  and  not  parts  of  a  comprehensive  plan  for  im¬ 
proving  Philadelphia  harbor. 

In  1887  the  Philadelphia  Board  of  Trade  actively  entered  upon  a  crusade 
for  an  improved  harbor  commensurate  with  the  requirements  of  modern  com¬ 
merce,  and  memorialized  Congress  for  its  action  in  the  matter.  This  was  the 
beginning  of  material  progress,  and  resulted  in  the  creation,  in  1888,  of  a  Board 
of  United  States  Engineers,  consisting  of  Gen.  Wm.  P.  Craighill,  General  Henry 
M.  Ilobert,  and  Col.  C.  B.  Comstock,  to  consider  and  report  upon  a  plan  for  the 
comprehensive  improvement  of  Philadelphia  harbor.  This  Board  of  Engineers, 
under  date  of  March  30,  1888,  submitted  a  project  for  the  formation  of  a  dredged 
channel,  at  least  1000  feet  wide  and  26  feet  deep  at  mean  low  water,  from  Fisher’s 
Point  to  Ivaighn’s  Point,  a  distance  of  about  5 \  miles,  at  such  a  distance  from 
the  then  recently  established  pierhead  line  as  to  permit  the  further  extension 
of  the  piers.  The  project  proposed  a  width  of  about  2000  feet  between  the 
exterior  wharf  lines  on  the  two  sides  of  the  river,  and  involved,  as  a  part  of  the 
project,  the  removal  of  Smith  and  Windmill  Islands  and  a  part  of  Petty  Island. 
The  estimated  cost  of  the  work,  exclusive  of  the  purchase  of  the  real  estate  in  the 
islands,  was  $3,500,000. 

This  project  was  primarily  for  the  purpose  of  furnishing  suitable  and  increased 
landing  and  shore  facilities  for  the  commerce  of  the  port.  At  the  time  the  project 
was  adopted  these  facilities  were  entirely  inadequate  to  the  demands  of  modern 
commerce,  and  the  docks  and  wharves,  with  few  exceptions,  were  those  which 
had  been  evolved  from  the  requirements  of  fifty  years  ago.  To  illustrate:  prior 
to  the  adoption  of  the  project  under  consideration  the  street — Delaware  Avenue 
— fronting  upon  the  wharves  and  docks  in  the  central  part  of  the  city’s  frontage, 
or  from  Vine  to  South  Streets,  had  a  width  of  50  feet,  while  the  docks  and  wharves 
had  a  length  of  from  200  to  250  feet. 

Under  the  project  for  the  improvement  of  the  harbor  the  pierhead  line  was 
moved  outward  from  400  to  600  feet.  This  has  permitted  the  extension  of  the 
wharves  to  a  length  of  500  and  600  feet,  outside  of  the  bulkhead  line  of  the 
widened  avenue;  while  above  and  below  the  central  part  of  the  city’s  water 
front,  the  new  wharves  have  a  length  of  over  700  feet. 

Under  the  former  conditions  of  the  harbor  the  westerly  face  of  Smith  and 
Windmill  Islands  was  distant  only  about  800  feet  from  the  outer  ends  of  the 
old  piers,  lying  along  the  city’s  water  front  between  Market  and  South  Streets. 
The  existing  pierhead  line  at  this  locality  is  only  from  300  to  400  feet  distant 
from  the  former  site  of  the  islands.  It  is  therefore  manifest  that  the  removal  of 
these  islands  became  necessary  to  the  extension  of  the  piers  to  their  present 
lengths.  Similar  conditions  along  the  city  front  opposite  Petty  Island  demanded 
the  removal  of  a  part  of  that  island. 

The  River  and  Harbor  Act  of  August  11,  1888,  appropriated  $500,000  for  the 
inauguration  of  the  work.  This  was  followed  by  the  action  of  the  city  of  Phila¬ 
delphia  and  the  State  of  Pennsylvania,  by  which  appropriations  were  made  for 
the  purchase  of  the  islands  named. 
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Active  operations  of  the  government  were  commenced  in  1S91,  under  the 
direction  of  Col.  C.  W.  Raymond,  Corps  of  Engineers,  U.  S.  A.,  but  through  a 
failure  of  the  contractors  to  energetically  prosecute  the  work,  hut  little  progress 
was  made  to  1893,  at  which  time  the  work  was  resumed  actively  and  completed 
with  the  close  of  the  working  season  of  1897.  Practically  four  and  one-half 
seasons’  work  was  expended  upon  the  completion  of  the  project. 

The  aggregate  amount  of  material  removed  was  21,605,061  cubic  yards.  The 
area  covered  by  dredging  operations  was  about  2$  square  miles.  The  entire 
cost  of  the  work,  inclusive  of  the  purchase  of  the  islands,  was  $3,934,874.80;  of 
which  the  cost  of  the  dredging  for  the  harbor  improvement  was  $3,253,511.29, 
or  $246,488.71  less  than  the  estimated  cost  by  the  Board  of  Engineers  of  1888. 

The  largest  calendar  year’s  work  was  done  in  1894,  when  6, (MX), 0(H)  cubic 
yards  of  material  were  dredged,  and  1,342,000  cubic  yards  placed  ashore  on 
League  Island.  During  the  maximum  progress  of  the  work  15  dredges  were 
engaged.  The  price  of  dredging  was  about  14  cents  per  cubic  yard,  and  the 
extra  price  of  placing  dredged  material  on  League  Island  was  about  10  cents 
per  cubic  yard,  scow  measurement. 

During  the  inception  and  progress  of  the  work  there  were  not  wanting  many 
prophets  who  proclaimed  that  the  deepened  areas  would  not  be  permanent, 
and  who  foretold  the  reformation  of  the  islands  and  shoals  which  were  to  be 
removed.  It  is  pleasant  to  be  able  to  state  that  these  prophets  were  not  inspired, 
and  that  during  the  four  years  which  have  elapsed  since  the  completion  of  the 
project  no  shoaling  has  occurred  over  the  deepened  areas.  This  result  fully 
justifies  the  conclusions  of  the  Board  of  Engineers  of  1888,  who  devised  the 
project,  and  also  the  expectations  of  Col.  C.  W.  Raymond,  under  whose  direction 
the  entire  work  of  harbor  improvements,  outside  of  the  established  harbor  lines, 
was  so  ably  carried  into  execution. 

In  connection  with  Mr.  Webster’s  paper  I  desire  to  refer  to  the  deposit  of 
heavy  material  upon  the  sites  of  the  various  piers  which  have  been  extended 
to  the  new  pierhead  line  since  1895.  The  thalweg  of  the  river  was  located  directly 
off  the  ends  of  the  old  piers;  and  in  front  of  many  of  the  piers  the  water  had  a 
depth  of  from  45  to  60  feet;  this  presented  an  almost  insuperable  barrier  to  pile 
pier  construction,  on  account  of  the  excessive  length  of  piles  required,  and  the 
resulting  lack  of  stability  to  the  piers.  To  overcome  this  difficulty  I  suggested 
that  heavy  material,  consisting  of  gravel  and  boulders,  derived  from  the  Phila¬ 
delphia  harbor  improvement,  be  deposited  upon  the  sites  of  the  pier  extensions, 
prior  to  the  construction  of  the  piers,  so  as  to  shoal  these  areas  to  about  30 
feet  at  mean  low  water. 

This  practice  was  adopted,  and  about  700,000  cubic  yards  of  heavy  material 
has  been  so  deposited  upon  the  sites  of  the  new  pier  extensions.  Without  this 
expedient  it  would  have  been  necessary  to  have  shoaled  the  excessive  depths 
on  the  sites  of  these  piers  by  the  use  of  stone  riprap,  which  would  have  nearly 
doubled  the  present  cost  of  pier  construction.  Such  an  increased  cost  in  many 
cases  would  have  been  prohibitive  of  pier  extension.  The  plan  adopted  permitted 
the  use  of  much  shorter  piles  than  would  otherwise  have  obtained,  and,  more 
than  all,  it  gave  the  piers  a  resulting  stability  not  otherwise  attainable  except 
at  greatly  increased  first  cost. 

Wm.  Copeland  Furber. — There  is  one  question  I  would  like  to  ask  Mr. 
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Webster;  that  is,  in  cutting  off  the  piles  below  water,  what  is  the  limit  of  variation 
allowed,  from  the  established  level  or  elevation? 

Geo.  S.  Webster. — One  inch,  half  inch  up  and  half  inch  down.  Any  piles 
not  cut  to  that  measurement  were  required  to  be  recut.  If  cut  too  low,  the 
contractors  were  required  to  cut  the  other  piles  low  under  any  particular  block. 

Mr.  Schermerhorn. — What  was  approximately  the  cost  per  square  foot  of 
the  decks  of  piers  built  by  the  city,  exclusive  of  the  construction  of  the  sheds 
upon  the  piers? 

Mr.  Webster. — Ninety-three  cents  for  Arch  Street  pier,  SI. 03  for  Chestnut 
Street  pier,  SI. 52  for  Race  Street  pier.  The  bulkhead  wall  (concrete)  cost 
approximately  SI 04  per  linear  foot. 

Mr.  Schermerhorn. — What  was  the  cost  per  linear  foot  of  the  two  sections 
of  bulkhead  wall? 

Mr.  Webster. — The  cost  of  the  timber  section  was  approximately  S71  per 
linear  foot  or  S33  less  than  the  concrete  section. 

Mr.  Schermerhorn. — We  have  with  us  this  evening  one  of  our  Honorary 
members,  Gen.  William  P.  Craighill,  who  has  been  intimately  connected  with 
the  work  of  improving  Philadelphia  harbor,  in  the  discharge  of  his  duties  as  an 
Engineer  Officer,  as  President  of  the  Board  adopting  this  project,  as  Supervising 
Engineer  of  this  district,  and  as  Chief  Engineer  of  the  Army.  His  interest  and 
familiarity  with  the  work  are  such  that  I  am  sure  the  Club  will  be  glad  to  hear  a 
word  from  General  Craighill. 

William  P.  Craighill. — Mr.  President  and  Gentlemen:  Of  course,  I  am 
very  much  obliged  to  Mr.  Schermerhorn  for  calling  me  up  and  thus  enabling  me 
to  look  around  and  see  the  faces  of  the  gentlemen  of  this  Club,  and  I  hope  I  may 
be  excused  for  availing  myself  of  the  opportunity  to  return  my  thanks  to  the 
Club  for  the  honor  they  did  me  some  time  ago  in  electing  me  an  Honorary  Mem¬ 
ber.  I  was  at  one  time  a  member  of  this  Club,  about  the  time  when  General 
Ludlow  was  President  and  Mr.  Murphy,  Secretary.  I  was  always  anxious  to 
come  and  see  the  Club,  but  unfortunately  I  lived  then  about  a  hundred  miles  off, 
and  Saturday  night  was  a  bad  night  to  be  away  from  home  that  distance.  I  did 
not  expect  to  make  a  speech  to-night,  and  I  hope  I  may  be  excused  from  saying 
not  more  than  this:  I  am  not  a  stranger  in  Philadelphia,  nor  on  the  Delaware 
River,  and  I  think  I  may  say  that  my  service  on  the  Delaware  probably  com¬ 
menced  sooner  than  that  of  anybody  here  present.  It  began  in  ’58,  and  I  have 
been  connected  with  the  Delaware  River  more  or  less  in  an  official  way  ever 
since.  Looking  back  to  ’58,  which  is  forty-three  years  ago,  as  I  recall  the  old 
front  in  those  days,  Philadelphia  is  greatly  to  be  congratulated  that  the  work 
to  which  our  attention  has  been  directed  to-night  has  been  so  successfully  exe¬ 
cuted  by  the  gentleman  who  has  explained  it  in  such  a  lucid  and  excellent  way. 
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Regular  Meeting,  October  19,  1901. — The  President  in  the  chair.  Fifty- 
eight  members  and  ten  visitors  present. 

Mr.  Win.  Copeland  Furber  presented  a  paper  on  “The  Design  and  Construc¬ 
tion  of  High  Buildings.”  The  subject  was  discussed  by  Messrs.  Carl  Bering, 
George  C.  Davis,  Henry  Lefifmann,  Silas  G.  Comfort,  George  M.  Sinclair,  James 
Christie,  Francis  Schumann,  and  the  author. 

Business  Meeting,  November  2,  1901. — The  President  in  the  chair.  Sixty- 
two  members  and  eighteen  visitors  present. 

A  topical  discussion  was  participated  in  by  Messrs.  Edgar  Marburg,  Samuel 
M.  Vauclain,  and  John  M.  Shriglev  on  “The  Needs  of  Industrial  Education  in 
America,”  followed  by  remarks  from  Messrs.  H.  W.  Spangler,  L.  W.  Miller,  J.  W. 
Sims,  John  Birkinbine,  Silas  G.  Comfort,  L.  F.  Rondinella,  S.  M.  Vauclain,  and 
Walter  L.  Webb. 

The  Tellers  reported  the  election  of  Messrs.  J.  M.  Cox.  F.  Jaspersen,  Archibald 
M.  O’Brien,  A.  C.  Vauclain,  and  E.  H.  Wray  to  active  membership,  and  Marion 
de  K.  Smith  to  junior  membership. 


Regular  Meeting,  November  16,  1901. — The  President  in  the  chair.  Fifty- 
members  and  eight  visitors  present. 

Mr.  Wm.  C.  L.  Eglin  presented  a  paper  on  “The  Economical  Conversion  and 
Transmission  of  Energy,”  which  was  followed  by  Mr.  L.  Y.  Schermerhorn  with 
a  short  paper  describing  “  An  Electrical  Tide-Indicator.”  The  subjects  were  dis¬ 
cussed  by  Messrs.  Carl  Hering,  Henry  Leffmann,  James  Christie,  and  others. 

Business  Meeting,  December  7,  1901. — The  President  in  the  chair.  Eighty 
members  and  eight  visitors  present. 

Nominations  for  officers  were  presented  as  follows: 


Proposed  by 
Edwin  F.  Smith. 

Henry  J.  Hartley.  Wm.  H.  Robinson. 


For  President, 
Wm.  C.  L.  Eglin. 


For  Vice-President, 

Silas  G.  Comfort.  L.  Y.  Schermerhorn. 


For  Secretary, 

L.  F.  Rondinella. 


Win.  H.  Robinson. 


Seconded  by 
(  Edgar  Marburg  and 
*  \Y.  B.  1 ! iegnrr. 

John  C.  Trautwine,  Jr. 

C.  H.  Ott. 

Minford  Levis. 


For  Treasurer, 

Geo.  T.  Gwilliam.  Minford  Levis. 


Josiah  Dow. 


For  Directors, 

Charles  Hewitt.  L.  Y.  Schermerhorn. 

Thos.  C.  McBride.  Geo.  T.  Gwilliam. 


W.  B.  Riegner, 
J.  W.  Silliman. 
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The  President  named  the  Committee  on  Nominations,  as  follows:  L.  Y.  Scher- 
merhorn  (Chairman),  Francis  Schumann,  C.  H.  Ott,  Benjamin  Franklin,  and 
Josiah  Dow. 

Mr.  George  S.  Webster  read  a  paper  upon  “  Development  of  the  Delaware 
River  Water  Front  of  Philadelphia,  Including  a  Description  of  Bulkhead,  Street, 
and  Pier  Construction.”  The  subject  was  discussed  by  Messrs.  Henry  Leffmann, 
James  Christie,  and  Wm.  Price  Craighill. 

The  Tellers  reported  the  election  of  Messrs.  J.  F.  Buchanan,  P.  F.  Causey,  Jr., 
and  A.  L.  Goddard  to  active  membership. 

Anniversary  Meeting,  December  21,  1901. — The  President  in  the  chair. 
Seventy  members  and  three  visitors  present. 

The  Committee  on  Nominations  reported  the  selection  of  Mr.  H.  K.  Myers  to 
complete  the  list  of  nominees  for  the  Board  of  Directors. 

The  President  called  attention  to  the  fact  that  the  Twenty-fourth  Anniversary 
of  the  organization  of  the  Club  occurred  on  December  17th,  and  added  that  the 
year  just  closed  has  been  one  of  steady  growth  and  prosperity,  with  a  bright  out¬ 
look  for  the  future. 

Mr.  John  Birkinbine  made  an  address  upon  “Some  of  the  Things  which  Make 
our  Country  Great.” 

Dr.  Henry  Leffmann  exhibited  and  described  a  series  of  views  illustrating  the 
character  of  the  Appalachian  Park  region. 
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Regular  Meeting,  October  19,  1901. — Present:  The  President,  the  Vice- 
Presidents,  Directors  Christie,  Hewitt,  Comfort,  and  Riegner,  and  the  Secretary. 


The  Treasurer’s  report  showed: 

Balance,  August  31st, .  $1592.22 

September  receipts, .  198.90 

$1791.18 

September  disbursements, .  503.53 

Balance,  September  30th, .  $1287. G5 


The  Secretary  was  instructed  to  hereafter  print,  with  each  meeting  notice,  any 
changes  of  address  occurring  since  the  issuance  of  the  previous  notice. 

Regular  Meeting,  November  16,  1901. — Pi'esent:  The  President,  the  Vice- 
Presidents,  Directors  Hewitt,  Comfort,  Levis,  and  Riegner,  and  the  Secretary'. 


The  Treasurer’s  report  showed : 

Balance,  September  30th, .  $1287.65 

October  receipts, .  160.45 

$1448.10 

October  disbursements, .  439.72 

Balance,  October  31st,  1901, .  $1008.38 


The  Board  recommended  that  the  House  Committee  should  adopt  a  rule  that 
any  one  desiring  to  leave  for  exhibition  at  the  Club  House  any  novelty  must  first 
obtain  permission  from  the  House  Committee. 

Regular  Meeting,  December  21,  1901. — Present:  The  President,  Vice- 
President  Smith,  Directors  Christie,  Hewitt,  Comfort,  and  Riegner.  and  the  Sec¬ 


retary'. 

The  Treasurer’s  report  showed  : 

Balance,  October  31st,  .  $1008.38 

November  receipts, .  364.32 

$1372.70 

November  receipts, .  405.16 

Balance,  November  30,  1901, .  $967.54 


Resignations  were  accepted  as  follows: 

From  Active  Membership:  Thomas  H.  Mirkil,  Jr.,  Fred.  H.  Blake,  Theo.  Voor- 
hees,  W.  Trinks,  C.  L.  Prince,  C.  P.  MacArthur,  J.  \V.  Lucas,  Henrv  J.  Edsall, 
Theo.  Bunker,  and  Geo.  B.  Bains,  3d. 

From  Associate  Membership:  M.  F.  Wilfong  and  Clement  I).  Rinald. 

The  Executive  Committee  was  instructed  to  prepare  an  amendment  to  the 
rules  of  the  Board  to  provide  for  the  preparation  and  adoption  of  the  annual  re¬ 
port  of  the  Board  of  Directors  early'  enough  to  have  it  printed  for  mailing  on  the 
second  Saturday  of  January'. 
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ADDITIONS  TO  GENERAL  LIBRARY. 

# 


From  Chief  of  Bureau  of  Steam  Engineering,  Washington. 

Annual  Report,  1901. 

From  John  C.  Branner,  Stanford  University,  Cal. 

The  Zinc  and  Lead-Ore  Deposits  of  North  Arkansas,  1901. 

From  U.  S.  Geological  Survey,  Washington. 

Twenty-first  Annual  Report,  1899-1900,  Parts  I,  VI,  and  VI  continued. 

From  Horatio  A.  Foster,  Philadelphia. 

Electrical  Engineer’s  Pocket-book,  1901. 

From  The  Dodge  Coal  Storage  Co.,  Philadelphia. 

Coal  Storage,  Dodge  System,  1901. 

From  P.  Blakiston’s  Son  &  Co.,  Philadelphia. 

Water  and  Water-Supplies,  John  C.  Thresh,  1901,  3d  Ed.  (A  review  of  the 
previous  edition  appeared  in  the  “Proceedings”  for  July,  1900.  In  this  edition 
the  author  has  brought  the  work  up  to  date  and  has  included  additional  chapters 
on  the  protection  of  water-supplies.) 

From  Gen.  Herman  Haupt,  Washington. 

Reminiscences.  1901. 

From  Mass.  State  Board  of  Health,  Boston. 

Annual  Report,  1900. 
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THE  ENGINEERS’  CLUB  OF  PHILADELPHIA, 


House,  No.  1122  Girard  Street, 

PHILADELPHIA.  PA. 


ANNUAL  REPORT  OF  THE  BOARD  OF  DIRECTORS 

FOR  THE  FISCAL  YEAR  1901 


January  4,  1902. 

To  The  Engineers’  Club  of  Philadelphia: 

In  compliance  with  the  requirements  of  the  By-Laws,  the  Board  of  Directors 
offers  the  following  report  for  the  year  ending  December  31,  1901. 

Eighteen  regular  meetings  of  the  Club  were  held,  at  which  the  maximum 
attendance  was  91,  and  the  average  about  74.  Nine  stated  and  four  special 
meetings  of  the  Board  of  Directors  were  held. 

Six  honorary  members  were  elected,  including  1  active  member  transferred 
to  the  honorary  roll;  2G  active,  1  associate,  and  7  junior  members  were  elected; 
20  active,  1  junior,  and  3  associate  members  resigned;  4  active  and  2  associate 
members  were  dropped  from  the  rolls;  19  junior  members  were  transferred  to 
the  active  list. 

The  record  of  deaths  is: 

Preston  C.  F.  West,  Active  Member,  died  January  12,  1901. 

Slater  P.  Stubbs,  Active  Member,  died  February  8,  1901. 

W.  M.  Levering,  Active  Member,  died  April  (i,  1901. 

The  membership  of  the  Club  on  December  31,  1901,  as  compared  with  the 
previous  year  was  as  follows: 


1900.  1901. 

Class.  Resident.  Non-Resident.  Total.  Resident.  Non-Resident.  Total. 

Honorary .  1  1  2  2  6  8 

Active . 280  121  401  299  120  419 

Associate  .  18  1  19  14  1  15 

Junior .  15  4  19  0  0 


314  127  441  321  127  448 
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The  following  papers  have  been  presented : 

January  5th. — The  New  Croton  Pam,  New  York  Charles  S.  Gowen. 

January  19th. — Address  of  Retiring  President.  Nineteenth-century  En¬ 
gineering:  its  Evolution  and  Something  of  its  Beginnings  in  America.  Edgar 
Marburg. 

February  2d. — Chain  Transmission  of  Power:  and  By-products  of  Coke 
Ovens.  Charles  Piez. 

February  16th. — Standards  of  Measurements  in  Field  Engineering.  Benja¬ 
min  Franklin.  Land  Surveying  by  Civil  and  Mining  Engineers.  A.  V.  Hoyt. 

March  2d. — Some  Notes  in  China  by  an  American  Engineer.  F.  Lynwood 
Garrison. 

March  16th. — The  Queen  Lane  Reservoir,  Philadelphia.  John  C.  Trautwiner 
Jr. 

April  6th. — A  New  Type  of  Water-tube  Boiler.  Henry  G.  Morris.  Sub¬ 
marine  Electric  Cables.  A.  E.  Kennedy. 

April  20th. — Notes  on  the  Construction  of  a  Factory  Chimney.  I.  Wendell 
Hubbard.  Design  and  Construction  of  Factory  Chimneys.  Francis  Schumann. 

May  4th. — Notes  on  Pile  Driving.  Notes  on  Highway  Bridges.  Harrison 
Souder. 

May  18th. — Fire-proof  Construction  in  Philadelphia.  Edwin  F.  Bertolett. 
Expanded  Metal  in  Fire-proof  Construction.  James  S.  Merritt. 

June  1st. — The  Duty  of  the  Engineer.  Topical  Discussion.  Edgar  Marburg, 
James  Christie,  L.  Y.  Schermerhorn,  John  C.  Trautwine,  Jr. 

September  1st. — The  Protection  of  Lowlands  Against  Tidal  Overflow.  Percy 
H.  Wilson. 

October  5th. — Some  Unusual  Locomotives.  A.  B.  Eddowes. 

October  19th. — The  Design  and  Construction  of  High  Buildings.  Wm. 
Copeland  Furber. 

November  2d. — The  Needs  of  Industrial  Education  in  America.  Topical 
Discussion.  Edgar  Marburg,  Theodore  C.  Search.  Samuel  M.  Vauclain,  John 
M.  Shrigley. 

November  16th. — The  Economical  Conversion  and  Transmission  of  Energy. 
Wm.  C.  L.  Eglin.  An  Electrical  Tide-Indicator.  L.  Y.  Schermerhorn. 

December  7th. — The  Delaware  River  Water  Front  of  Philadelphia.  George 
S.  Webster. 

December  21st. — Some  of  the  Things  which  Make  our  Country  Great.  John 
Birkinbine. 

A  large  quantity  of  periodicals,  possessing  only  transitory  interest,  had  accu¬ 
mulated  on  the  shelves,  beyond  proper  storage  facilities.  Under  the  instructions 
of  the  Board,  the  Library  Committee  distributed  these  to  applicants  in  the 
membership.  Periodicals  that  had  heretofore  been  bound,  Qr  that  seemed 
desirable  to  preserve,  were  retained.  Of  these,  292  unbound  volumes  are  stored, 
but  not  ordered  to  be  bound  for  the  present.  Seventy-five  volumes  have  been 
added  to  the  books  in  the  library,  and  12  periodicals  added  to  the  exchange  list. 

The  general  appearance  of  the  interior  of  the  Club  House  has  been  improved 
by  the  papering  of  the  halls,  which  was  done  at  the  expense  of  the  owner.  The 
audience  room  has  been  made  more  comfortable  by  the  substitution  of  electric 
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lighting  for  gas  and  the  addition  of  a  platform.  The  furniture  and  fixtures  of 
the  house  are  now  in  good  repair. 


Net  Expenditures  for  1901. 


House . 

.  $2319 

81 

Proceedings . 

.  669 

99 

Library  . 

.  78 

45 

Information . 

.  87 

70 

Office  . 

.  467 

96 

Salaries . 

.  1680 

00 

$5303 

91 

Assets,  December  31,  1901. 

Furniture  and  fixtures,  as  per  appraisement  Feb¬ 
ruary  17  1900,  with  subsequent  additions . $1750  00 

Library,  as  per  appraisement  February  10,  1900  .  . .  2100  00 


Total  furniture  and  library .  $3850  00 

U.  S.  Bond,  issue  of  1898  (par  $500),  market  value .  540  00 

On  deposit,  bearing  interest  at  three  per  cent .  519  93 

On  deposit,  bearing  interest  at  two  per  cent,  (less  dues  for 

1902,  $550.00) .  154  41 


$5064  34 

I 

No  liabilities,  all  bills  having  been  paid  to  date. 

Respectfully  submitted, 

Henry  Leffmann,  President. 
L.  F.  Rondinella,  Secretary. 
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Initiation  fees  (34) . 

1894  dues . 

1895  dues . 

1899  dues . 

1900  dues . 

1901  dues . 

1902  dues . 

- $5377  41 


Proceedings : 


Advertisements  . 

$320 

35 

Sales . 

82 

50 

Reprints  . 

32 

25 

435 

10 

Interest  on  deposits. 

33 

73 

Interest  on  investment .  .  .  . 

15 

00 

Slides  sold . 

7 

30 

Telephone  . 

5 

43 

Billiards . 

34 

27 

Binding  books . 

21 

00 

Total  receipts . $5929  24 

Cash  balance,  Dec.  31,  1900.  .  1083  35 


$7012  59 


Salaries : 

Secretary .  $240  00 

Treasurer .  60  00 

Clerk  .  840  00 

Janitor .  540  00 

- $1680  00 

House : 

Rent . $1100  00 

Coal  .  139  75 

Gas .  78  80 

Ice  .  . .  27  23 

Supplies  and  re¬ 
pairs  .  352  68 

Telephone  .  120  39 

-  1818  85 

Office  expenses .  442  21 

Proceedings .  1105  14 

Information  committee .  97  60 

Library  .  99  45 

Luncheons .  535  00 

Dues  refunded  (1900) .  10  00 

Total  disbursements.  .$5788  25 

CASH  BALANCE,  DEC.  31,  1901,  1224  34 


$7012  59 

Respectfully  submitted, 

Geo.  T.  G willi am,  Treasurer. 


Report  of  the  Treasurer  for  the  Fiscal  Year  1901. 

Receipts.  |  Expenditures. 

$170  00 
5  00 
5  00 
15  00 
180  00 
4452  41 
550  00 


Philadelphia,  Jan.  4,  1902. 


We  have  examined  the  books  and  accounts  of  the  Treasurer,  compared  them 
with  the  original  vouchers,  checks,  and  bank-books,  and  find  them  to  cor¬ 
respond  with  the  Treasurer’s  statement  submitted  above. 

W.  P.  Dallett,  i 

H.  W.  Spangler,  [  Auditors. 

Rich’d  L.  Humphrey,  > 


January  11,  1902. 


Twenty-fourth  President  of  the  Club,  January  19,  1901— January  18,  1902. 


Editors  of  other  technical  journals  are  invited  to  reprint  articles 
from  this  journal,  provided  due  credit  l>e  given  the  I’kockkdikos. 


PROCEEDINGS 


OF 

The  Engineers'  Club 

OF  PHILADELPHIA. 

ORGANIZED  DECEMBER  17,  1877.  INCORPORATED  JUNE  9,  1802. 

Note. — The  Club,  as  a  body,  is  not  responsible  for  the  statements  and  opinions 
advanced  in  its  publications. 


Vol.  XIX.  APRIL,  1902. 


No.  2. 


ANCIENT  METALLURGY. 


ADDRESS  BY  THE  RETIRING  PRESIDENT, 

HENRY  LEFFMANN. 

Read  January  IS,  1902. 

History  portrays  to  us  a  period  in  which  a  person  of  intelligence 
and  studious  habits  could  become  familiar  with  the  whole  field  of 
human  knowledge.  One  Greek  philosopher  produced  works  on  natural 
science,  political  history,  deductive  philosophy,  and  metaphysical 
speculation,  and  the  doctrines  taught  in  some  of  these  maintained 
almost  absolute  sway  over  the  intellectual  portion  of  Europe  for  many 
centuries.  In  the  present  time  the  field  of  learning  has  become  so 
vast  that  a  specialization  of  specialism  is  necessary,  and  we  may  be 
rapidly  realizing  the  condition  noted  in  the  story  of  the  man  who 
devoted  his  entire  life  to  the  study  of  the  Greek  definite  article,  and 
on  his  death-bed  lamented  that  he  had  not  limited  himself  to  the 
genitive  case  of  it. 

The  study  of  ancient  philosophy  for  the  determination  of  the  causes 
of  its  failure  to  develop  into  substantial  practical  form,  such  as  is 
so  eminently  characteristic  of  our  time,  has  been  an  attractive  task  to 
several  investigators,  but  will  be  touched  upon  here  only  as  introduc¬ 
tory  to  the  general  subject. 

Metallurgical  operations  are  so  important  a  feature  of  modern  life 
that  the  history  of  the  development  of  the  methods  seems  likely  to 
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interest  many.  Unfortunately,  fhe  data  for  such  history  are  scanty 
for  all  but  the  latest  periods,  and  even  the  available  material  is  re¬ 
stricted  by  the  uncertainty  of  translations. 

It  appears  that  methods  of  practical  work  were  transmitted  for 
centuries,  not  by  reduction  to  writing,  but  by  direct  instruction  from 
master  to  apprentice.  The  data  I  present  in  this,  merely  informal, 
contribution  have  been  collected  at  second  hand  from  some  of  the 
leading  writers,  and  the  presentation  will  not  be  so  interesting  to 
others  as  to  myself,  since  I  have  pondered  over  the  literature  until  I 
have  been  somewhat  impressed  by  its  “  barbaric  pearl  and  gold.” 

The  science  of  chemistry  may  be  regarded  as  ancient  or  modern, 
according  to  the  significance  we  attach  to  the  term.  If  by  science  we 
understand  anv  study  of  nature,  however  desultory  and  careless,  or 
the  mere  record  of  experiences,  then  we  can  find  a  very  old  chemistry ; 
but  if  we  mean  by  the  word  orderly  and  co-ordinated  observations,  by 
a  more  or  less  differentiated  class  of  workers,  we  will  find  the  science 
to  be  of  late  origin.  In  ancient  times  there  were  earnest  and  intelligent 
workers,  but  they  rarely  co-operated.  Xo  specialized  literature  ex¬ 
isted,  nor  any  centers  of  education  in  particular  lines.  It  is  true 
many  teachers  were  to  be  found,  and  at  some  periods,  at  least,  the 
making  of  books  was  seemingly  without  end,  but  the  collegiate  and 
literary  methods  of  to-day  seem  to  have  no  analogues. 

A  marked  difference  between  the  ancient  and  the  modern  method 
was  in  the  attitude  of  the  philosopher,  statesman,  or  teacher,  on  the 
one  hand,  toward  the  practical  worker,  on  the  other.  In  our  day,  the 
co-operation  of  these  two  classes  is  usual  and  intimate.  Indeed, 
science  is  thought  by  some  to  be  only  valuable  as  an  aid  to  securing 
benefit  to  humanity.  Such  acute  thinkers  as  Benjamin  Franklin  and 
Max  Nordau  have  made  positive  utterances  on  this  point,  but  it  is  too 
narrow  a  view.  The  object  of  science  is  the  discovery  of  truth;  the 
practical  value  of  any  given  observation  is  a  secondary  consideration. 
The  narrower  view  is,  however,  the  usual  one,  and  the  intimate  relation 
that  exists  between  the  worker  and  the  investigator,  between  the  shop 
or  field  and  the  laboratory,  is  an  eminent  feature  of  modern  life.  Such 
conditions  were  not  observable  in  ancient  times,  at  least  only  rarelv. 
Social  systems  were  probably  largely  responsible  for  this.  The  dignity 
of  labor  was  not  recognized  and  could  not  be  in  communities  in  which 
slavery  existed  so  largely.  The  intellectual  freemen  who  pursued  in¬ 
vestigations  into  natural  science  could  but  rarely  find  opportunity  to 
study  mechanical  or  chemical  processes  on  a  practical  scale.  The 
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social  state  was  probably  analogous  to  that  which  exists  to-dav  in  our 
large  cities  with  reference  to  the  very  poor  and  criminal  classes  of 
society.  Thousands  of  miserable  creatures  exist  immediately  around 
us,  influencing  seriously  our  own  lives,  and  yet,  with  the  exception  of 
a  few  altruistic  enthusiasts,  who  are  often  regarded  with  suspicion  or 
even  contempt,  little  heed  is  given  to  the  social  problems  that  these 
conditions  develop.  A  similar  indifference  toward  the  slave-worker 
existed  in  ancient  times,  and  brought  about  a  tendency  to  regard 
practical  work  as  unworthy  of  men  of  intelligence.  It  is  said  that  a 
noted  Greek  philosopher  rebuked  a  pupil  who  had  constructed  some 
labor-saving  invention. 


It  is  pretty  well  understood  that  the  conception  of  the  nature  of 
matter  generally  received  in  the  ancient  world  did  not  agree  with  the 
views  now  entertained.  We  are  not  able — at  least  I  have  not  been 
able — to  comprehend  the  scope  or  basis  of  the  classification  of  all 
matter  into  associations  of  four  so-called  elements — earth,  air,  fire, 
and  water.  Such  a  classification  bears  no  analogy  to  our  modern 
table  of  elements. 

Discoveries  of  recent  date,  notably  those  due  to  Bert  helot,  of  Paris, 
who,  with  great  patience,  has  examined  many  manuscripts  long  un¬ 
noticed,  have  thrown  considerable  light  on  some  phases  of  ancient 
science,  especially  metallurgy;  and  as  this  is  a  department  of  applied 
chemistry  which  constitutes  one  of  the  points  of  connection  between 
it  and  engineering,  it  may  not  be  too  tedious  to  present  some  facts. 

The  few  metals  that  exist  usually  in  the  free  state  and  are  widely 
distributed  were  naturally  used  at  an  early  period.  Gold  and  silver 
were  the  best  known.  It  is  an  interesting  example  of  the  methods  of 
the  ancient  philosopher  that  the  discovery  of  mercury  is  not  recorded. 
It  would  seem  that  the  first  obtaining  of  this  peculiar  body  would  have 
attracted  great  attention,  and  that  the  discoverer  would  lie  famous; 
yet,  though  the  earliest  mention  of  the  metal  is  in  a  work  by  Theo¬ 
phrastus,  about  300  B.  C.,  we  have  no  account  of  the  place,  time,  or 
circumstances  of  its  discovery,  or  the  name  of  its  discoverer. 

The  metals  which  occur  regularly  in  the  free  state  aie  mostly  quite 
rare;  two  of  them,  gold  and  silver,  have  such  distinct  physical  proper¬ 
ties  as  to  attract  special  notice,  and  it  was  natural,  therefore,  that  the 
earliest  operations  of  the  metallurgist  should  be  hugely  concerned 
with  them,  and  that  their  use  for  ornamentation  and  as  a  standard 
of  value  should  be  widespread.  As  a  matter  of  fact,  as  far  as  we  can 
allow  a  scientific  character  to  the  financial  methods  of  ancient  times, 
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silver  was  rather  the  standard  of  value  than  gold.  For  many  centuries 
a  ratio  between  these  two  metals  was  maintained,  at  least  bv  common 
consent,  with  little  variation;  it  has  been  only  in  our  own  day  that  this 
ratio  has  been  so  seriously  disturbed  as  to  introduce  bitter  disputes 
into  the  fields  of  finance  and  politics.  Evidence  of  the  great  value 
and  importance  of  gold  and  silver  abounds  in  the  earliest  literature. 
“The  gold  of  that  land  is  excellent,”  was  said  of  the  region  watered  by 
one  of  the  rivers  of  Eden. 

It  is  now  well  known  to  metallurgists  that  the  native  metals  are 
rarely  pure.  The  amount  of  alloy  is  usually  such  as  to  be  subordinated 
to  the  main  ingredient,  but  a  native  alloy  of  gold  and  silver,  called 
“electrum”  by  the  Greeks  and  “asern”  by  the  Egyptians,  was  long 
mistaken  for  a  distinct  substance.  A  peculiar  position  was  occupied 
by  lead.  According  to  the  Greek  alchemists,  this  metal  was  the 
generator  of  other  metals.  It  was  especially  the  generator  of  silver. 
We  have  no  difficulty  in  understanding  how  this  last  error  arose.  Lead 
ores  usually  contain  some  silver,  often  very  considerable  amounts,  and 
the  operation  of  cupellation  easily  burns  off  the  lead  and  leaves  the 
button  of  silver,  in  which  small  amounts  of  gold  are  often  found. 

The  ideas  of  the  ancient  workers  were  naturally  largely  dependent 
on  the  results  of  furnace  operations.  The  strong  acids  were  unknown. 
Some  results  were  obtained  by  amalgamation, — that  is,  by  the  use  of 
mercury, — but,  as  noted  above,  this  element  was  apparently  not 
known  earlier  than  the  time  of  Aristotle. 

I  have  referred  just  now  to  the  use  of  the  precious  metals  as  stan¬ 
dards  of  value.  Their  use  as  coins — that  is,  universally  exchangeable 
evidences  of  value — was  a  natural  result,  but  some  progress  in  systems 
of  government  and  in  mechanical  skill  was  necessary  before  a  true  coin 
could  be  produced.  The  use  of  coined  money  cannot  be  traced  back 
earlier  than  1000  B.  C. ;  prior  to  that  time  bars  or  even  irregular  masses 
of  the  precious  metals  were  used,  the  value  being  ascertained  by 
weight.  As  refining  processes  were  crude  and  the  temptation  to 
adulterate  very  great,  we  may  suspect  that  there  was  much  deception 
in  these  operations.  Nevertheless,  we  find  that  the  coins  of  ancient 
times  are  of  fair  purity.  With  a  view  of  securing  some  details  in  regard 
to  the  actual  state  of  ancient  coinage,  I  have  enlisted  the  aid  of  Mr. 
Eckfeldt,  of  the  United  States  Mint,  who  furnishes  me  with  the  fol¬ 
lowing  data: 

For  about  three  centuries  Homan  money  consisted  of  bronze  (copper 
aird  tin),  at  first  cast,  but  afterward  stamped  when  other  metals  came 
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into  use.  In  the  year  of  Home  4S7  (286  B.  C.)  silver  was  introduced 
into  coinage  and  gold  sixty  years  later,  though  it  is  belie  veil  that  the 
gold  coinage  was  trifling  prior  to  the  conquests  of  Julius  Caesar.  In 
his  time  bronze  began  to  be  displaced  by  copper  and  bra>s.  The 
brass  disappeared  about  the  close  of  the  third  century  A.  I).,  and 
copper  alone  was  used  for  inferior  coinage.  The  gold  coin  was  main¬ 
tained  at  almost  purity  (090  to  995)  from  first  to  last.  The  exceptions 
in  the  mint  collections  are  in  the  instance  of  coin  of  Michael  I  (A.  D 
813),  who,  besides  a  coin  of  good  weight  and  fineness,  issued  one  very 
inferior  in  both  respects,  the  fineness  being  not  above  600.  (It  is 
to  be  noted  that  this  coin  may  have  been  spurious.)  In  1067-1081 
gold  coins  of  inferior  quality  were  issued  by  Michael  All,  Romanus 
IV,  and  Xicephorus  1 II.  The  standard  was  restored  by  the  next  prince, 
Alexius  I. 

The  silver  coins  down  to  the  reign  of  Augustus  were  also  intended 
to  be,  and  were  considered,  pure,  and  are  found  to  be  950  to  9X5.  In 
the  ensuing  reigns  there  was  a  constant  downward  tendency.  In  the 
coinage  of  Nero  we  find  the  fineness  was  820,  from  Vespasian  to  Ha¬ 
drian  from  780  to  850.  The  very  base  silver  began  with  Septimus 
Severus  (A.  D.  200).  The  coins  contained  not  more  than  40  to  50  per 
cent,  of  silver,  the  alloy  being  copper  with  a  portion  of  tin  to  preserve 
the  color.  A  permanent  reform  dates  from  the  age  of  Diocletian  in 
the  early  part  of  the  fourth  century.  Silver  of  from  910  to  960  was 
used  in  all  the  coins  from  that  time  down  through  all  the  decline  of 
the  Empire. 

The  above  data  as  to  fineness  are  from  the  actual  tests  at  the  1'nited 
States  Mint;  by  assay  in  the  case  of  coins  not  valuable,  by  specific 
gravity  when  the  pieces  were  too  valuable  to  cut.  The  specific  gravity 
method  is  very  close  for  gold  and  a  good  approximation  for  rare  silver 
pieces. 

For  over  a  thousand  years  mankind  declared  and  believed  that 
gold  and  silver  can  be  artificially  produced,  and  innumerable  searchers 
have  labored  on  this  problem.  These  workers  have  not  been  wholly 
within  the  class  of  metallurgists  or  what  we  might  call  scientists,  but 
all  ranks  and  callings  have  contributed  contingents.  The  general 
impulse  which  we  designate  as  alchemy  remained  influential  until  the 
beginning  of  the  eighteenth  century,  and  was  so  widespread  that  it 
deserves  consideration  by  a  student  of  social  science.  While  it  is 
probable  that  in  the  more  ignorant  ages  a  larger  number  of  people 
believed  in  incantations  and  ghosts  than  practised  true  alchemy,  yet 
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the  public  profession  of  the  latter  was  much  more  frequent  than  the 
public  profession  of  supernatural  powers.  The  history  of  alchemy 
has  indeed  less  significance  for  chemistry  than  for  the  history  of 
culture. 

The  belief  in  transmutation  was  promoted  by  the  observation  of 
cases  in  which  the  appearances  of  gold  and  silver  could  be  imparted  to 
baser  metals.  For  example,  copper  alloyed  with  zinc  assumes  the 
ordinary  color  of  gold.  Treated'  with  certain  arsenical  substances  it 
assumes  a  silver-like  appearance.  Moreover,  the  doctrine  of  Aristotle, 
that  substances  differ  not  because  of  different  composition,  but  by 
reason  of  difference  of  properties,  necessarily  encouraged  the  transmu- 
tationists.  It  was  in  this  spirit  that  one  operator  distilled  mercury 
seventeen  hundred  successive  times  in  hopes  of  driving  out  from  it 
the  liquefying  principle  and  thus  obtaining  the  solid  silver. 

This  ignorance  as  to  the  details  of  chemical  composition  also  led  to 
another  misunderstanding.  Mine-waters  containing  copper  compounds 
(the  existence  of  copper  as  such  in  the  water  was  not  recognized)  would, 
by  the  action  of  iron,  deposit  the  copper  and  the  iron  would  dissolve. 
We  have  no  difficulty  to-day  in  comprehending  the  nature  of  the 
action,  but  there  was  a  time  when  it  was  believed  to  be  a  transmuta¬ 
tion  and  in  alchemical  language  was  expressed  as  being  due  to  Mars 
(iron)  having  laid  off  his  armor  and  decorated  himself  with  the  gar¬ 
ments  of  Venus  (copper). 

I  may,  in  passing,  note  that  some  of  the  tendencies  in  modern  thought 
seem  to  be  toward  the  older  views.  The  atomic  theory  which  has 
held  an  authoritative  position  in  chemistry  and  physics  for  a  century 
has  been  of  late  years  subject  to  attack  from  several  points  of  view, 
and  some  work  lately  accomplished  may  foreshadow  transmutation. 
Within  our  own  time  one  substance  universally  considered  an  element, 
cliclymium,  has  been  split  into  two  components,  respectively  neody¬ 
mium  and  praseodymium.  Several  contributions  have  been  published 
lately  indicating  that  before  long  one  of  the  principal  elements  of  the 
Welsbach  mantle,  thorium,  will  yield  up  the  ghost  in  the  same  way. 
Claims  for  the  identity  of  phosphorus  and  arsenic,  though  stoutly 
defended  by  a  certain  chemist,  have  not  been  generally  allowed. 

A  considerable  manuscript  literature  relating  to  so-called  “ alchemy  ” 
exists  in  some  of  the  libraries  of  Europe,  and,  as  already  noted,  the 
painstaking  labors  of  Berthelot  have  thrown  these  open  to  general 
study.  One  point  is  especially  worthy  of  note;  the  authorship  of 
many  of  the  manuscripts  is  fictitious.  It  was  a  common  trick  to 
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attach  to  an  essay  the  name  of  some  great  man,  philosopher,  ruler,  or 
ecclesiastic.  The  sacred  names  of  biblical  literature  have  not  escaped. 
One  alchemist  claims  to  give  us  Moses’  chemistry  and  another  ascribe> 
his  book  to  John  the  Archbishop,  possibly  the  same  person  regarded 
by  many  modern  critics  as  the  author  of  the  fourth  gospel. 

It  has  been  a  widespread  belief  among  educated  people  for  many 
years  that  the  Arabian  philosophers,  during  the  period  of  Islam’s  con¬ 
trol  in  southern  Europe,  carried  forward  in  many  ways  scientific  work 
in  chemistry,  but  it  is  now  known  that  this  view  is  erroneous.  The 
manuscripts  purporting  to  be  Latin  translations  of  works  of  Arabian 
philosophers  are  forgeries  of  a  much  later  date;  the  genuine  manu¬ 
scripts  are  mostly  mystical  discussions  of  no  practical  value.  The 
most  ancient  actual  record  bearing  on  practical  metallurgy  is  a  papyrus 
manuscript  now  in  the  library  at  Leyden,  Holland,  and  regarded  as 
having  being  written  toward  the  close  of  the  third  century  A.  L).  It 
is  not  improbable  that  it  is  one  that  escaped  the  general  destruction 
which  the  Roman  Emperor  Diocletian  ordered  about  A.  I).  290  against 
all  works  on  alchemy  and  magic.  The  Emperor’s  object  was,  as  he 
stated,  “that  no  one  should  be  able  to  enrich  himself  by  this  art,  nor 
to  secure  by  it  riches  which  should  render  possible  revolt  against  the 
Romans.”  I  recall  here  the  fact  reported  by  Mr.  Eckfeldt  that  it  was 
Diocletian  who  restored  the  silver  coinage  to  the  highest  standard. 
The  text  of  the  manuscript  contains  over  one  hundred  receipts  for 
operations  of  purification,  alloying,  gilding,  and  some  for  fraudulently 
imitating  precious  metals.  Unfortunately  many  terms  are  of  uncer¬ 
tain  meaning,  and  the  translations,  therefore,  are  in  doubt.  It  would 
be  tedious  to  present  even  a  moderate  number  of  those  recipes;  a  few 
illustrative  ones  may  be  quoted,  and  in  such  quotations  I  rely  entirely 
on  the  French  text  by  Berthelot.  For  example,  the  operation  of 
cupellation  is  fairly  described  under  the  title  “How  to  purify  silver 
and  render  it  brilliant.”  Take  one  part  of  silver  and  equal  part  of 
lead,  place  in  a  furnace  and  keep  it  fused  until  the  lead  has  been  con¬ 
sumed;  repeat  the  operation  several  times  until  it  becomes  brilliant. 

A  recipe  for  gold  solder,  over  1  (>()()  years  old,  will  have  some  interest : 
Copper  4  parts,  electrum  2  parts,  gold  1  part;  melt  the  copper  first, 
then  add  the  electrum,  then  the  gold. 

Electrum,  as  already  mentioned,  is  the  term  applied  to  a  native 
alloy  of  gold  and  silver. 

All  will  probably  be  at  least  a  little  interested  in  Moses’  recipe  for 
making  gold.  This  is  found  on  a  manuscript  in  the  St.  Mark  library 
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at  Venice.  The  text  is  a  fair  sample  of  the  indirectness  and  insincerity 
of  these  true  alchemical  recipes.  Take  copper,  orpiment,  sulphur,  and 
lead,  triturate  the  mixture  with  oil ;  roast  until  the  sulphur  is  removed; 
withdraw  the  mixture  from  the  fire  and  mix  with  it  3  parts  of  gold; 
reheat  it  and  you  will  find  that  it  has  all  changed  into  gold,  with  the 
aid  of  God. 

This  is,  of  course,  merely  a  gold  alloy  of  inferior  value,  which  pos¬ 
sibly  has  a  good  color. 

The  ancients,  however,  were  not  wholly  occupied  with  transmuta¬ 
tion  or  fantastic  procedures.  A  skilful  metallurgy  was  developed 
along  some  lines.  Working  in  lead,  for  example,  became  an  important 
art,  especially  the  making  of  lead  pipe  for  conveying  water.  Not 
long  ago  some  excavations  in  Home  brought  to  light  a  lead  pipe  nearly 
a  foot  in  diameter  for  supplying  the  palace  of  Domitian.  Pipe  of 
smaller  size  has  been  dug  up  by  the  hundredweight  in  various  parts 
of  the  Roman  Empire. 

Copper,  by  reason  of  its  rather  frequent  occurrence  in  the  free  state 
and  also  its  malleability,  ductility,  and  readiness  to  form  alloys,  found 
early  use  and  was  for  a  long  while  employed  for  many  purposes  for 
which  iron  has  since  been  used.  The  Trojans  were  equipped  with 
brass  weapons.  Agricultural  and  mechanical  implements  were  often 
made  of  the  same  material.  In  the  English  Bible  we  find  reference  to 
Tubal-Cain  as  the  first  artificer  in  brass  and  iron,  and  a  marginal  note 
gives  for  brass  the  alternative  reading  “  copper.”  Brass  was  probably 
often  obtained  by  the  joint  reduction  of  ores  of  copper  and  zinc,  and 
not  made,  as  in  our  day,  by  careful  alloying  of  the  free  metals.  The 
conditions  of  antiquity  in  respect  to  metals  have  been  regarded  by 
some  as  paralleled  by  the  case  of  the  Aborigines  in  the  country  at  the 
time  of  its  discovery,  for  these  had  copper  implements,  but  no  iron 
ones. 

Numerous  examples  of  bronze  stopcocks  and  other  plumbing  acces¬ 
sories  are  found  in  the  Naples  Museum  among  the  Pompeiian  collection. 
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SOME  GREAT  THINGS  WHICH  MAKE  OCR  COUNTRY  GREAT. 


JOHX  DIRKIXHIXE. 

Read  at  the  Celebration  of  the  Twenty-fourth  Anniversary  of  the  Founding  of  the  ('tub, 

December  21,  1901. 

Within  the  past  few  years  t lie  United  States  has  made  enormous 
strides,  taking  commanding  position  among  the  nations  of  the  world, 
and,  as  a  result,  our  people  have  awakened  to  an  appreciation  of  it >  im¬ 
portance,  with  the  natural  result  of  possibly  excessive  national  pride. 
The  rapid  development  in  agriculture,  mining,  manufacturing,  and  in 
exporting  our  manufactured  products,  the  excess  of  foreign  trade  in  our 
favor,  the  augmented  population,  joined  to  the  acquisition  of  Hawaii, 
the  Philippines,  and  Porto  Rico,  with  possibly  additional  territory,  and 
the  satisfaction  of  having  come  out  of  a  war  victorious,  have  had  a  ten¬ 
dency  to  develop  national  pride,  and  probably  led  us  to  assume  a  vain¬ 
glorious  attitude.  If,  however,  a  calm  study  of  the  country  is  under¬ 
taken,  its  natural  features  and  resources,  its  industrial  development, 
and  its  possibilities  considered,  there  will  be  found  good  excuse  for  any 
enthusiasm  which  may  have  been  developed  in  late  years.  We  surely 
live  in  a  great  country;  a  country  that  abounds  in  marvelous  natural 
wonders,  and  in  which  unprecedented  advances  in  development  and 
industries  have  been  made. 

As  a  nation  we  are  credited  with  being  the  richest  in  the  world,  our 
known  wealth  approximating  one  hundred  billion  dollars,  giving  an 
average  of  $1300  per  capita  of  our  population.  We  are  acknowledged 
to  be  the  most  prosperous,  our  labor  is  better  paid,  and  the  mass  of  the 
people  better  fed  and  dressed  than  those  in  other  portions  of  the  world. 
We  need  not  go  to  our  new  possessions,  or  even  to  Alaska,  to  find 
natural  features  which  equal,  if  they  do  not  excel,  those  in  foreign 
lands,  but  may  consider  the  forty-five  States  and  adjacent  territories. 

The  same  oceans  which  wash  the  shores  of  Kurope  and  Asia  give  a 
beach  line  along  this  country  of  1800  miles  on  the  east,  1200  miles  on 
the  west  (and  this  latter,  if  the  Alaskan  coast  wen*  included,  would  be 
double  the  figures  given),  while  along  the  (lulf  of  Mexico  we  have  a 
shore  line  extending  for  1000  miles,  and  the  (ircnt  Lakes  form  the 
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boundary  of  our  country  for  1300  miles.  We  have  rivers  of  magnitude, 
draining  enormous  areas,  and  the  fact  is  recalled  that  on  a  former  occa¬ 
sion,  in  addressing  the  Club,  I  made  statements  concerning  the  Missis¬ 
sippi  River  which  may  be  epitomized  as  follows,  to  illustrate  its  im¬ 
mensity :  The  area  of  the  Mississippi  watershed  exceeds  a  million  and  a 
quarter  square  miles,  and  one  inch  of  rain  upon  this  drainage  basin  is 
equivalent  to  thirteen  thousand  billion  cubic  feet,  representing  a  weight 
of  ninety-one  and  a  half  billion  tons.  But  there  are  other  great  rivers 
in  the  country,  such  as  the  Columbia,  the  Colorado,  the  Hudson,  while 
the  St.  Lawrence  and  the  Rio  Grande  form  portions  of  our  national 
boundary. 

The  mountains  of  the  country  pierce  the  clouds,  and  are  not  only 
picturesque,  but  impressive.  The  White  Mountains,  the  Catskills,  and 
the  Appalachian  range  on  the  east,  the  Rocky  Mountains  near  the 
center,  and  the  Cascade  and  Coast  ranges  on  the  west — all  are  impres¬ 
sive,  and  in  the  Continental  Divide  and  in  the  latter-named  ranges  there 
are  a  number  of  peaks  which  exceed  14,000  feet  above  sea-level,  per¬ 
petually  snow-clad.  The  broad  plains  which  approach  the  Rocky 
Mountains  seem  like  great  level  plateaus,  although  their  elevation  is 
from  1000  to  5000  feet  above  sea,  and  the  Great  Salt  Lake  (our  Dead 
Sea),  to  the  west  of  the  Rocky  Mountains,  lies  at  an  elevation  of  4200 
feet  above  sea-level,  in  a  desert.  This  desert  and  its  extensions  are 
parts  of  an  enormous  lava  flow’,  the  result  of  ancient  volcanic  action,  and 
it  is  not  improbable  that  there  may  be  repeated  in  this  country  the 
conditions  wdiich  existed  in  former  ages  when  Mt.  Hood,  Mt.  Baker, 
Mt.  Rainier,  Mt.  Shasta,  and  other  prominent  peaks  were  active  vol¬ 
canoes,  or  wdien  such  interesting  formations  as  Crater  Lake  in  Oregon 
were  created. 

For  natural  wonders  we  need  not  go  beyond  the  borders  of  what,  in 
the  light  of  later  developments,  may  be  considered  the  old  or  Continen¬ 
tal  United  States,  lying  between  the  Atlantic  and  Pacific  Oceans,  be¬ 
tween  the  Great  Lakes  and  the  Gulf  of  Mexico,  for  this  area  includes 
grand  mountains,  impressive  canons,  magnificent  rivers,  great  lakes, 
boundless  plains,  extensive  deserts,  fertile  valleys,  marvelous  water¬ 
falls  and  rapids,  and  some  superb  forests.  The  topography  ranges 
from  200  feet  below*  sea-level  to  over  14,000  feet  above  this  datum,  and 
the  climate  embraces  practically  perennial  summer  in  the  south  and 
southwest,  and  a  northern  boundary  tied  up  with  ice  for  four  months 
of  the  year.  We  have  glaciers  in  some  of  the  mountains,  and  world- 
famed  geysers;  our  rocks  show*  all  the  geologic  ages,  and  there  is  little 
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in  vegetable  growth  that  is  indigenous  to  other  countries,  except  in  the 
actual  torrid  zone,  of  which  we  have  not  some  representation. 

On  the  broad  plains  thousands  of  cattle,  of  horses,  and  sheep  are 
herded,  and  animal  food  prepared  for  our  own  and  other  peoples.  <  )n 
the  low-level  lands  of  the  South  the  sugar  plantations  and  the  cotton 
fields  are  abundant.  In  the  North  great  areas  are  given  to  hops  and 
wheat,  while  in  the  central  belt  corn  is  the  prevailing  staple. 

Our  natural  resources  cover  almost  all  the  minerals,  and  we  produce 
on  a  commercial  scale  all  of  the  useful  metals. 

We  are  producing  over  three-quarters  of  a  million  long  tons  of  coal 
each  day,  which,  if  loaded  into  trains  of  cars,  would  occupy  about  250 
miles  in  length  of  track.  ( )ur  annual  output  of  pig  iron  approximates 
1 6,000,000  tons,  and  over  29,000,000  tons  of  iron  ore  are  mined  to  pro¬ 
duce  this.  Our  yearly  output  of  gold  and  silver  exceeds  $100,000,000  in 
value,  and  the  rapidly  increasing  demand  for  copper,  to  meet  the  growth 
of  electrical  installation,  has  resulted  in  an  annual  production  nearly 
equaling  in  value  that  of  gold  and  silver.  Lead,  zinc,  and  similar  metals 
reach  a  total  of  about  $40,000,000.  We  measure  the  daily  flow  of  petro¬ 
leum,  collected  from  wells  and  forced  through  hundreds  of  miles  of 
pipe,  by  millions  of  gallons,  while  the  calorific  value  of  the  natural  gases 
used  is  equated  at  about  $25,000,000  per  annum.  The  mineral  pro¬ 
ducts  of  the  United  States  represent  a  value  won  each  working  day  of 
about  $3,000,000,  and  reached  in  1901  a  grand  total  of  $1,000,000,000. 
Every  State  and  territory  contributes  to  these  mineral  products.  The 
staples  coal  and  iron  ore  are  widely  and  generously  distributed,  and  tin* 
base  and  precious  metal  ores  are  won  from  a  large  section  of  the  coun¬ 
try.  Oil  and  natural  gas  are  obtained  from  locations  separated  by  long 
distances.  Marls,  phosphates,  clays,  salt,  limestones,  marbles,  cement 
rock,  granites,  and  other  building  stone  are  the  bases  of  important  in¬ 
dustries  dispersed  all  over  the  country.  Precious  stones  and  gems  are 
also  found.  In  winning  these  the  pioneers  have  traversed  deserts, 
penetrated  canons,  and  scaled  precipices,  thus  opening  the  country  and 
exposing  its  hidden  wealth  at  personal  sacrifice  and  discomfort  seldom 
appreciated. 

The  possibility  of  utilizing  some  of  our  great  waterfalls  is  illustrated 
by  important  installations,  the  development  at  Niagara  being  the  most 
pronounced,  where  over  190,000  horse-power  is  being  put  to  service; 
while  other  large  improvements  upon  the  upper  Hudson,  at  Messina, 
New  York,  the  Sault  Ste.  Marie  in  Michigan,  in  many  of  the  promi¬ 
nent  streams  of  the  South  and  in  the  Western  States  indicate  how 
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rapidly  the  utilization  of  water-power  is  being  appreciated.  Not  only 
is  the  volume  of  water  applied  to  individual  wheels  greater  than  was 
believed  possible  a  few  years  ago,  but  motors  have  been  constructed 
to  work  under  heads  of  1600  feet  or  even  more.  Water  is  stored  in 
enormous  dams  for  irrigation  and  for  water-supply  in  the  semi-arid  re¬ 
gions,  and  great  canals  extend  for  many  miles,  with  flumes,  syphons, 
and  pipe  lines  covering  long  distances. 

In  excavating  canals  or  in  the  mining  of  valuable  minerals  and 
metals,  the  steam  shovel,  the  rock  drill,  the  electric  locomotive,  the  air 
compressor,  and  the  cableway  system  have  made  possible  the  winning 
of  enormous  quantities  of  material  at  costs  remarkably  low,  while  the 
quantities  handled  have  reached  fabulous  proportions.  A  single 
mining  enterprise  produces  a  million  and  a  half  tons  or  more  of  market¬ 
able  product  a  year,  transports  this  100  miles,  delivers  it  into  vessels 
which  carry  it  about  1000  miles,  and  these  vessels  are  discharged  by 
mechanical  appliances,  so  that  the  bulk  of  the  iron  ore  is  never  touched 
by  hand  from  the  time  it  was  lying  in  its  bed  until  it  is  converted  into 
metal.  Rock  containing  copper  or  more  precious  metal  is  raised  in 
shafts  or  slopes  from  depths  of  half  a  mile  or  more  at  the  rate  of  over 
1000  tons  daily,  this  rock  being  crushed,  powdered,  sized,  and  separ¬ 
ated  to  recover  the  value  it  contains.  Masses  of  material  are  hydraul- 
icked  by  great  streams  of  water  projected  under  heavy  pressure  against 
auriferous  gravel  banks,  and  the  gold  therefrom  is  captured  in  sluices. 

Extensive  smelters  and  large  refineries  treat  the  more  precious 
metals,  while  furnaces,  converters,  and  rolling  mills  of  magnitude  re¬ 
duce  the  baser  ores  and  fabricate  the  resulting  metal  into  commercial 
shapes.  Blast  furnaces  produce  as  much  iron  in  a  day  as  would  have 
been  obtained  in  a  year  from  an  average  plant  half  a  century  ago.  The 
converters  produce  daily  outputs  of  ingots  and  mills  supply  finished 
product  daily  measured  by  thousands  of  tons. 

Our  manufacturing  establishments  number  over  half  a  million, 
with  capital  aggregating  $10,000,000,000,  and  employing  over  five 
million  persons,  whose  annual  wage  approximates  $2,500,000,000. 
These  establishments  convert  yearly  $7,350,000,000  of  raw  materials 
into  products  of  double  value. 

We  sometimes  go  far  from  home  to  obtain  illustrations  of  what  may 
be  considered  prominent  features,  but  we  need  not  leave  our  own  city 
to  find  much  that  is  impressive  and  that  illustrates  the  part  which  the 
engineer  has  borne  in  this.  The  Engineers’  Club  has  latelv  listened  to 
descriptions  of  the  work  in  constructing  the  Reading  subway  and  the 
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Delaware  River  front  improvements,  and  has  heard  an  interesting 
story  of  the  numerous  bridges  which  cross  the  rivers  uniting  in  the 
city.  We  have  here  great  shipyards  whose  products  are  the  admira¬ 
tion  of  the  world,  and  locomotive  plants  and  machine  shops  whose  un¬ 
excelled  specialties  are  sent  to  all  countries.  We  pass  through  the 
streets  observing  evidences  of  progress  and  of  the  work  of  the 
engineer  on  all  sides.  The  tall  office  buildings  are  so  familiar  as  to  be 
passed  without  notice,  and  no  large  vessel  enters  our  river  from  the  sea 
except  by  reason  of  the  advantages  which  engineering  talent  has 
developed  in  improving  the  channel  and  making  safer  its  entrance. 
In  this  means  of  access  to  the  city  of  Philadelphia  every  citizen 
should  take  a  lively  interest.  Philadelphia  should  be  accessible  to  the 
largest  vessels.  It  should  not  only  be  a  manufacturing,  but  also  a 
shipping  center.  The  most  powerful  dredges  have  been  employed  in 
deepening  our  river  channel — dredges  whose  dippers  lift  12  cubic  yards 
and  have  excavated  a  quarter  of  a  million  yards  of  material  in  a  month ; 
others  discharged  through  their  pumps  and  conduit  pipes,  per  hour, 
from  300,000  to  400,000  cubic  feet  of  water,  carrying  from  5  to  20 
per  cent,  of  solid  matter.  Our  Delaware  Breakwater  has  attracted 
attention  by  reason  of  its  cheap  construction,  the  total  outlay  being 
but  half  of  what  was  estimated,  and  also  by  establishing  the  principle 
of  construction  whereby  the  waves  and  currents  decide  for  the  engineer 
the  slope  upon  which  the  breakwaters  are  to  be  built.  This  break¬ 
water,  a  mile  and  a  half  in  length,  was  constructed  by  using  a  million 
and  a  half  tons  of  stone,  at  the  cost  of  two  and  a  quarter  million  dollars, 
the  stone  being  carried  60  miles  in  large  dump  or  derrick  barges  of  1200 
to  1500  tons  capacity  each. 

In  all  of  the  industrial  advances  the  engineer  has  been  prominent. 
In  the  construction  of  shops,  mills,  and  factories  his  knowledge  and 
ability  have  been  called  into  play.  He  has  pierced  the  mountains  with 
tunnels,  spanned  rivers  with  wonderful  bridges,  built  tunnels  beneath 
them,  run  railroads  through  deserts,  in  apparently  inaccessible  canons 
or  around  precipitous  faces,  until  the  United  States  is  grid-ironed  with 
40  per  cent,  of  the  railroad  mileage  of  the  world, and  has  a  total  trackage 
sufficient  to  encircle  the  earth  eight  times.  These  railroads  have  been 
supplied  with  locomotives  greatly  increased  in  power,  in  speed,  and  in 
economy  (fully  ten  of  these  intricate  mechanisms  being  added  to  the 
equipment  daily),  while  the  construction  of  cars  has  been  improved  in 
capacity  and  durability. 

The  engineer  has  harnessed  many  waterfalls  or  rapids  and  coupled 
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these  to  motors  for  compressing  air  and  generating  electricity,  supply¬ 
ing  power  to  factories  or  mills,  or  for  transportation,  or  producing  cur¬ 
rent  for  lighting  cities  and  industries.  The  farmer  looks  to  the  en¬ 
gineer  for  his  agricultural  machinery,  and  those  in  the  arid  regions  for 
dams  and  irrigating  ditches  which  make  possible  the  growth  of  crops  on 
what  would  otherwise  be  barren  soil.  The  miner  depends  on  the  en¬ 
gineer  in  designing  shafts,  in  laying  out  adits,  drifts,  gangways,  in 
equipping  mines  with  ventilating  and  hoisting  machinery,  and  in  trans¬ 
porting  the  mineral  won.  By  the  help  of  the  engineer  the  mariner 
reaches  his  haven,  guided  by  lighthouses  placed  at  dangerous  points; 
is  sheltered  by  breakwaters  to  ride  out  the  storm,  or  proceeds  to  his 
dock  through  harbors  or  rivers,  the  improvements  to  which  have  been 
planned  and  directed  by  the  engineer.  All  over  the  country  there  are 
evidences  of  the  influence  which  the  work  and  study  of  the  engineer 
have  exerted  upon  its  development,  and  the  position  which  he  has  oc¬ 
cupied  is  one  which  brings  honor  to  the  profession  and  credit  to  the  na¬ 
tion.  Much  of  the  necessary  preliminary  work  has  been  conducted  by 
the  engineer  at  serious  personal  inconvenience,  often  at  great  risk.  He 
works  among  the  pioneers,  separated  by  distance  or  time  from  home 
and  family,  suffering  discomfort  and  privation,  that  highways  for  traf¬ 
fic  may  be  constructed  over  mountains,  that  bars  dangerous  to  shipping 
may  be  eradicated,  and  that  industries  may  be  created  and  sustained. 

It  is  unnecessary  to  multiply  instances  of  local  advance  or  evidences 
of  the  work  of  the  engineer,  nor  need  we  follow  in  detail  the  construc¬ 
tion  of  particular  bridges,  equipment  of  mines,  planning  of  enormous 
dams,  and  the  erection  of  great  iron  works  and  factories  elsewhere,  for 
it  needs  but  a  few  minutes’  reflection  to  realize  that  this  is  a  great  coun¬ 
try,  abounding  in  great  things,  and  much  of  its  progress  and  advance¬ 
ment  is  due  to  the  American  engineer. 
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THE  NATIONAL  BUREAU  OF  STANDARDS. 

S.  W.  STRATTON. 

Read  January  4,  1902. 

From  the  beginning  of  this  republic  many  of  the  foremost  statesmen 
and  scientists  have  worked  assiduously  to  bring  our  system  of  weights 
and  measures  to  a  more  satisfactory  and  scientific  condition.  Wash¬ 
ington  repeatedly  urged  upon  Congress  the  necessity  for  uniform  and 
reliable  standards,  and  in  his  third  annual  message  to  Congress  states 
that  “an  improvement  in  the  weights  and  measures  of  the  country  is 
among  the  important  objects  submitted  to  you  by  the  Constitution, 
and  if  it  can  be  derived  from  standards  at  once  invariable  and  universal, 
may  be  not  less  honorable  to  the  public  councils  than  conducive  to  the 
public  convenience.”  Thomas  Jefferson,  then  Secretary  of  State,  was 
directed  by  Congress  to  report  upon  this  subject,  and  after  a  most  care¬ 
ful  consideration  submitted  a  report  in  which  he  outlined  two  alterna¬ 
tive  plans,  one  based  upon  the  retention  of  the  then  existing  standards, 
fixing  them,  however,  by  some  invariable  standard,  and  the  other  a 
decimal  system  based  upon  the  length  of  a  pendulum  beating  seconds. 
President  Madison,  in  1817,  reminded  Congress  that  nothing  had  been 
accomplished  in  reforming  and  unifying  the  system,  whereupon  the 
whole  subject  was  referred  to  John  Quincy  Adams,  then  Secretary  of 
State.  Mr.  Adams  gave  four  years  of  historical  research  and  mathe¬ 
matical  study,  and  prepared  a  report  which  has  become  a  classic  in 
metrology,  but  which  advised  delay  until  the  time  when  nations  had 
agreed  on  a  universal  standard,  or  until  the  subject  of  a  universal 
standard  had  received  more  attention. 

Notwithstanding  these  efforts  and  the  reports  of  various  individuals 
and  committees,  Congress  has  never  exercised  the  power  delegated  to 
it  by  the  Constitution,  with  the  exception  of  an  Act  of  May  1(J,  1828, 
relative  to  the  adoption  of  a  Troy  pound  as  a  standard  to  be  used  in  the 
coinage  of  money, the  language  of  which  is  as  follows:  “For  the  pur¬ 
pose  of  securing  a  due  conformity  in  weight  of  coins  of  the  United 
States  to  the  provisions  of  this  title,  the  brass  pound  weight  procured 
by  the  Minister  of  the  United  States  at  London,  in  the  year  eighteen 
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hundred  and  twenty-seven,  for  the  use  of  the  Mint,  and  now  in  the 
custody  of  the  Mint  at  Philadelphia,  shall  be  the  standard  Troy  pound 
of  the  Mint  of  the  United  States,  conformable  to  which  the  coinage  of 
the  United  States  shall  be  regulated.' ” 

Previous  to  this,  by  an  act  passed  in  1799,  Fifth  Congress,  Second 
Session,  it  was  ordered  that  “the  surveyor  (of  each  port  of  the  United 
States)  shall  from  time  to  time,  and  particularly  on  the  first  Monday 
in  January  and  July  in  each  year,  examine  and  try  the  weights,  meas¬ 
ures,  and  other  instruments  used  in  ascertaining  the  duties  on  imports, 
with  standards  to  be  provided  by  each  collector  at  the  public  expense; 
and  when  disagreements  or  errors  are  discovered,  he.  shall  report  the 
same  to  the  collector,  and  obey  and  execute  such  directions  as  he  may 
receive  for  the  correction  thereof,  agreeably  to  the  standards  afore¬ 
said.”  Apparently  this  act  was  not  enforced,  probably  for  the  reason 
that  no  standards  had  been  adopted  by  Congress  or  by  the  Treasury 
Department.  On  May  29,  1830,  the  Senate  passed  a  resolution  direct¬ 
ing  the  Secretary  of  the  Treasury  to  have  an  examination  made  of  the 
weights  and  measures  in  use  at  the  principal  custom-houses.  The  duty 
of  making  the  examination  was  intrusted  to  Mr.  F.  R.  Hassler,  Super¬ 
intendent  of  the  United  States  Coast  and  Geodetic  Survey,  who  was  at 
that  time  the  only  man  of  recognized  scientific  attainments  in  the  em¬ 
ploy  of  the  Treasury  Department.  Mr.  Hassler,  under  date  of  Jan¬ 
uary  27,  1832,  reported  that  he  had  found  large  discrepancies  among 
the  weights  and  measures  in  use.  He  was  thereupon  directed  by  the 
Secretary  of  the  Treasury  to  secure  apparatus  and  establish  a  shop 
wherein  copies  of  certain  standards  adopted  by  the  Treasury  Depart¬ 
ment  could  be  made  for  distribution  to  the  various  custom-houses. 
The  avoirdupois  pound  adopted  was  derived  from  the  Troy  pound  of 
the  Mint,  and  the  distance  between  certain  lines  on  a  metal  bar  in  the 
possession  of  the  Department,  and  supposed  to  conform  with  the  Eng¬ 
lish  yard,  was  taken  as  the  standard  of  length. 

In  June,  1836,  Congress  passed  the  following  resolution:  “Resolved, 
That  the  Secretary  of  the  Treasury  be,  and  he  hereby  is,  directed  to 
cause  to  be  made  a  complete  set  of  all  the  weights  and  measures  adopted 
as  standards,  and  now  either  made  or  in  progress  of  manufacture,  for 
the  use  of  the  several  custom-houses  or  such  persons  as  he  may  appoint, 
and  for  the  use  of  the  States  respectively,  to  the  end  that  a  uniform 
standard  of  weights  and  measures  be  established  throughout  the 
Union.” 

On  July  27,  1866,  the  following  joint  resolution  was  adopted:  “  Be  it 
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resolved  by  the  Senate  and  House  of  Representatives  of  the  Tinted 
States  of  America  in  Congress  assembled,  That  the  Secretary  of  the 
Treasury  be,  and  he  is  hereby,  authorized  and  directed  to  furnish  to 
each  State,  or  to  be  delivered  to  the  governor  thereof,  one  set  of  stand¬ 
ard  weights  and  measures  of  the  metric  system,  for  the  use  of  the  States 
respectively.”  Here  again  the  selection  of  the  standards  necessary  to 
earn'  out  the  foregoing  resolutions  was  left  to  the  Secretary  of  the 
Treasury,  who  procured  from  abroad  copies  of  the  original  metric  stand¬ 
ards. 

Since  that  time  Congress  has  provided  for  the  construction  and  veri¬ 
fication  of  the  standard  weights  and  measures  for  the  custom-houses  of 
the  United  States  and  for  the  several  States.  The  custody  of  the  stand¬ 
ards  adopted  by  the  Treasury  and  the  carrying  out  of  the  provisions 
made  by  Congress  remained  until  July  1,  1901,  under  the  direction  of 
the  Superintendent  of  the  Coast  and  Geodetic  Survey,  who  served  also 
in  the  capacity  of  Superintendent  of  the  office  of  standard  weights  and 
measures. 

In  1866  the  metric  system,  while  not  adopted  by  Congress,  was  made 
lawful  throughout  the  United  States,  but  the  standards  of  this  system 
were  not  yet  satisfactory,  and  in  1875,  more  than  half  a  century  after 
Adams  had  recommended  a  conference  between  nations  for  the  purpose 
of  establishing  a  world-wide  uniformity  in  standards,  such  a  conference 
was  held,  and,  as  a  result,  there  was  established  in  Paris  a  permanent 
International  Bureau  of  Weights  and  Measures.  In  the  negotiations 
leading  up  to  the  establishment  of  this  Bureau,  Professor  Joseph  Henry 
and  Mr.  J.  E.  Hilgard  represented  the  United  States.  Many  of  the 
great  scientists  of  the  world  were  engaged  for  several  years  in  perfecting 
prototypes  of  metric  standards,  and  in  1889  these  were  ready  for  dis¬ 
tribution  among  the  seventeen  nations  represented  in  the  international 
conference.  So  important  were  considered  the  details  of  bringing  the 
standard  meter  and  kilogram  to  the  United  States,  that  the  Depart¬ 
ment  sent  special  commissioners  to  Paris  for  them.  Mr.  ( leorge  David¬ 
son,  then  assistant  in  the  United  States  Coast  and  Geodetic  Survey, 
and  Mr.  O.  H.  Tittmann,  now  Superintendent  of  that  bureau,  accom¬ 
panied  these  valuable  standards  from  Paris  to  Washington,  where  they 
were  opened  in  the  presence  of  the  President,  the  Secretary  of  State, 
and  a  distinguished  company  of  scholars,  invited  to  the  White  House 
on  that  occasion.  These  standards  were  then  placed  in  the  custody  of 
the  office  of  standard  weights  and  measures.  They  are  now  used  as  t  lie 
bases  of  all  comparisons  of  mass  and  length  in  this  country,  even  in  the 
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common  system.  There  is  at  the  present  time  no  satisfactory  standard 
yard  in  the  possession  of  the  government.  The  early  standards  pro¬ 
cured  by  the  Secretary  of  the  Treasury  are  so  poorly  constructed  and 
the  lines  so  broad  that  a  more  accurate  yard  may  be  made  by  means  of 
the  standard  meter.  Troy  and  avoirdupois  pounds  submitted  for  in¬ 
spection  are  tested  with  metric  weights  or  with  standards  which  have 
been  derived  from  the  standard  kilogram.  That  is  to  say,  the  standard 
meter  and  kilogram  are  so  well  constructed  that  more  accurate  stand¬ 
ards  in  our  common  system  may  be  procured  in  this  manner  than  by 
comparison  with  any  standard  pound  or  yard  in  existence. 

It  has  been  seen  that  until  verv  recentlv  the  provisions  made  by 
Congress  covered  only  the  common  measures  of  weight,  length,  and 
capacity.  The  facilities  of  the  office  of  standard  weights  and  measures 
were  exceedingly  limited,  and  the  exercises  of  its  functions  confined  to 
departments  of  the  general  government  and  the  States.  The  set  of 
standards  furnished  each  State  consisted  originally  of  the  most  ordinary 
standards  of  length,  weight,  and  capacity.  Later,  a  few  metric  stand¬ 
ards  were  added  to  these,  but  in  few  instances  have  the  States  provided 
facilities  for  the  proper  comparison  and  use  of  these  standards  by  the 
general  public.  In  some  States  the  standards  have  been  destroyed  or 
lost  track  of,  and  we  find  little  legislation  pertaining  to  weights  and 
measures  other  than  to  fix  the  number  of  pounds  to  the  bushel,  to  be 
used  in  measuring  grain  and  other  products.  An  investigation  carried 
on  last  summer  by  a  government  official  disclosed  a  condition  of  affairs 
in  regard  to  the  common  weights  and  measures  of  the  country  that 
would  hardty  bear  publication.  The  duties  of  State  and  city  sealers 
should  include  the  testing  of  water  and  gas  meters,  and  perhaps  even¬ 
tually  electric  meters,  but  certainly  all  of  the  standards  and  measuring 
instruments  in  common  use  by  the  people.  And  it  is  the  duty  of  the 
general  government  to  provide  such  officers  with  suitable  standards, 
measuring  instruments,  and  instructions  governing  their  use.  As  it 
has  been,  the  general  public,  scientific  institutions,  and  other  vast  in¬ 
terests  were  unprovided  for,  even  in  the  most  common  cases. 

The  progress  of  science  and  the  employment  of  exact  scientific 
methods  by  the  great  industrial  and  commercial  enterprises  have 
brought  about  conditions  which  demand  a  radical  change  in  matters 
pertaining  to  standards.  Whatever  may  be  said  as  to  the  necessity  of 
improvement  in  the  common  measures  of  weight,  length,  and  capacity 
is  equally  true  of  the  more  accurate  measurements  of  these  same  quan¬ 
tities,  as  applied  to  scientific  investigations,  in  the  laboratories  of  our 
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educational  institutions,  scientific  societies,  and  manufactures — inter¬ 
ests  which  demand,  for  the  successful  completion  of  their  work,  stand¬ 
ards  of  the  very  highest  order  of  accuracy.  The  public  interest  de¬ 
mands  a  far  greater  variety  and  range  of  standards  than  heretofore, 
such  as  those  used  in  the  measurement  of  high  and  low  temperatures, 
pressure,  standards  of  illumination,  electrical  standards  of  resistance, 
current,  electromotive  force,  capacity  and  self-induction,  polariscopic, 
barometric,  and  many  other  standards.  In  many  cases  the  problems 
involved  are  far  more  difficult  and  complex, .and  reliable  standards  diffi¬ 
cult  to  procure.  The  examination  and  comparison  of  standards  re¬ 
quire  the  use  of  the  most  delicate  instruments  known  to  science,  under 
the  most  advantageous  conditions  as  to  temperature,  freedom  from 
vibration,  and  laboratory  conveniences. 

In  recent  years  the  demand  for  accurate  scientific  standards,  and  in 
many  cases  commercial  standards,  has  been  met  bv  the  standardizing 
institutions  of  foreign  governments  (to  which  our  scientific  laboratories 
and  manufacturers  have  had  to  repair  for  them).  Frequently  the  bene¬ 
fits  to  be  derived  by  the  public  from  fixed  and  reliable  standards  are 
through  the  medium  of  a  great  variety  of  meters  and  precise  measuring 
apparatus,  such  as  balances,  apparatus  for  the  measurement  of  lengths, 
capacity,  graduated  glassware,  pressure  gages,  thermometers,  barome¬ 
ters,  metrological  apparatus,  pyrometers,  gas  and  water  meters,  volt¬ 
meters,  ammeters,  wattmeters,  oil  testers,  the  instruments  used  in  sur¬ 
veying,  navigation,  and  hydrography,  apparatus  for  testing  the 
strength  of  materials,  and  many  other  instruments.  That  the  gradua¬ 
tions  and  indications  of  these  instruments  should  agree  with  the  funda¬ 
mental  standards  is  a  question  of  the  most  vital  importance;  and  with¬ 
out  the  facilities  for  such  tests  and  comparisons  the  public  is  deprived 
of  the  greatest  benefits  to  be  derived  from  such  standards  as  may  have 
been  recognized  by  the  government. 

The  manufacture  of  physical,  astronomical,  chemical,  and  other  sci¬ 
entific  apparatus  has  been  confined  almost  exclusively  to  foreign  coun¬ 
tries;  but  this  industry  is  growing  in  the  United  States  at  a  rate  which 
will  soon  place  our  productions  on  an  equality  with  those  of  any  other 
country.  Our  manufacturers  of  such  apparatus  have  shown  that  they 
can  compete  with  the  foreign  products  in  workmanship  and  design. 
They  have,  however,  been  placed  at  a  great  disadvantage  owing  to  the 
fact  that  this  government  has  not  provided  them  with  the  necessary 
standardizing  facilities.  German  and  English  manufacturers  furnish 
official  certificates  with  their  apparatus,  and  the  value  of  such  certifi- 
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cates  is  so  well  recognized  that  we  find  our  own  manufacturers  quoting 
prices  on  their  apparatus  which  has  been  verified  in  the  institutions  of 
foreign  governments. 

It  was  this  condition  of  affairs  that  led  Congress  to  enact  a  law  on 
March  3,  1901,  establishing  the  National  Bureau  of  Standards,  the 
function  of  which  includes  the  custody  of  the  official  standards,  and 
comparison  of  all  standards  used  in  scientific  investigations,  engineer¬ 
ing,  manufacturing,  commerce,  and  in  educational  institutions,  with 
the  standards  adopted  or  recognized  by  the  government,  and  the  con¬ 
struction,  when  necessary,  of  standards,  their  multiples  and  subdivi¬ 
sions,  the  testing  of  standard  measuring  apparatus,  and  the  solution  of 
problems  which  arise  in  connection  with  standards.  It  is  also  author¬ 
ized  to  make  physical  and  chemical  researches  for  the  purpose  of  deter¬ 
mining  physical  constants  and  the  properties  of  materials  when  such 
data  are  of  great  importance  to  scientific  or  manufacturing  interests. 
The  Bureau  is  authorized  to  exercise  its  functions  for  the  departments 
of  the  government,  for  any  State  or  municipality  within  the  United 
States,  and  scientific  society,  educational  institution,  firm,  corporation, 
or  individual  engaged  in  manufacturing  or  other  pursuits  requiring  the 
use  of  standards  or  standard  measuring  instruments. 

A  suitable  site  has  been  purchased  by  the  government  adjacent  to 
the  picturesque  national  reservation  known  as  Rock  Creek  Park,  in  the 
northern  suburbs  of  Washington,  a  locality  free  from  mechanical  and 
electrical  disturbances.  Plans  are  being  prepared  for  a  physical  labora¬ 
tory,  which  will  be  equipped  with  apparatus  and  conveniences  for  carry¬ 
ing  on  investigations  and  testing  standards  and  measuring  instruments 
of  all  kinds;  also  a  smaller  building,  to  be  known  as  a  mechanical  labor¬ 
atory,  which  will  contain  the  power  and  general  electrical  machinery, 
the  instrument  shop,  refrigerating  plant,  storage  batteries,  and  dyna¬ 
mos  for  experimental  purposes,  and  laboratories  for  electrical  measure¬ 
ments  requiring  heavy  currents. 

These  laboratories  will  be  constructed  immediately,  but  the  plans 
are  being  made  with  reference  to  the  future  growth  of  the  Bureau, 
which  will  soon  become  one  of  the  most  important  scientific  institutions 
of  our  government.  The  plans  will  include  at  least  four  buildings  in 
addition  to  those  now  provided  for. 

The  scientific  work  of  the  Bureau  will  be  under  the  immediate  super¬ 
vision  of  a  director,  assisted  by  a  corps  of  physicists  and  chemists 
designated  as  laboratory  assistants,  assistant  physicists,  or  chemists. 
These  men  have  been  carefully  selected  by  civil-service  examinations 
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prepared  with  reference  to  the  kind  of  work  to  l>e  undertaken.  No 
attempt  has  been  made  by  politicians  or  others  to  influence  the  ap¬ 
pointments  in  the  Bureau,  and  the  Bureau,  once  established  upon  this 
basis,  will,  it  is  believed,  be  free  from  political  influence.  The  Senators 
and  Representatives  who  were  instrumental  in  the  passage  of  the  bill 
would  first  of  all  resent  any  interference  with  the  selection  of  these 
men  upon  any  other  basis  than  merit.  To  guard  against  any  possible 
contingency  of  this  kind,  the  law  provides  for  a  Visiting  Committee 
composed  of  prominent  specialists,  each  serving  for  a  period  of  five 
years.  The  members  of  the  present  Visiting  Committee  were  appointed 
to  serve  for  periods  of  one,  two,  three,  four,  and  five  years,  but  their 
successors  will  all  be  appointed  for  the  full  period.  The  Committee 
consists  of  President  Ira  Remsen,  of  Johns  Hopkins  University;  Presi¬ 
dent  H.  S.  Pritchett,  of  the  Massachusetts  Institute  of  Technology; 
Professor  Elihu  Thomson,  electrical  engineer;  Professor  Edward  L. 
Nichols,  Professor  of  Physics  in  Cornell  University;  and  Mr.  Albert 
Ladd  Colby,  metallurgical  engineer  of  the  Bethlehem  Steel  Company. 
This  Committee,  composed  of  men  of  world-wide  reputation,  will  be 
consulted  in  all  matters  pertaining  to  the  organization  of  the  Bureau, 
and  its  existence  insures  the  establishment  of  an  institution  of  the 
highest  type. 

The  value  of  such  an  institution  has  been  clearly  demonstrated  by 
nearly  every  government  of  Europe.  England  has  established  a 
Standards  Department  of  the  Board  of  Trade,  also  the  Electrical 
Standardizing  Laboratory,  and  recently  a  Physical  Laboratory.  Kew 
Observatory,  an  institution  famous  for  its  testing  of  meteorological 
instruments,  has  also  become  a  government  institution.  Germany  has 
established  the  Normal  Aichungs  Commission,  with  its  laboratories  and 
facilities  for  handling  commercial  weights  and  measures;  and  in 
1887  the  Physikalisch-Technische  Reichsanstalt,  an  institution  costing 
more  than  a  million  dollars,  which  makes  provision  for  scientific  stand¬ 
ards  and  investigations.  It  has  been  frequently  said  that  this  institu¬ 
tion  more  than  pays  for  itself  annually  in  the  assistance  it  gives  to  Ger¬ 
man  engineers,  manufacturers,  and  scientists.  The  scientific  work  of 
our  own  government  has  received  great  benefit  from  this  institution 
during  recent  years.  At  the  hearing  before  the  House  Committee  on 
Coinage,  Weights,  and  Measures,  in  reference  to  the  Bureau  of  Stand¬ 
ards  Bill,  the  Secretary  of  the  Treasury  presented  letters  from  every 
scientific  bureau  in  the  government,  stating  that  they  were  compelled 
to  go  to  this  institution  for  certain  standards.  It  was  this  fact,  coupled 
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with  statements  to  the  same  effect  from  the  prominent  manufacturers, 
scientists,  and  others  present  at  the  hearing,  that  led  the  Committee  to 
report  unanimously  in  favor  of  the  bill  establishing  the  Bureau.  There 
is  scarcely  an  interest  in  the  country  which  will  not  be  vitally  benefited 
by  this  new  institution.  Its  relation  to  foreign  commerce  will  be  far- 
reaching,  and  its  establishment  means  that  the  United  States  has  taken 
a  long  step  forward  in  the  international  race  for  commercial  supremacy. 

Its  relation  to  the  various  branches  of  engineering  will  be  very  im¬ 
portant  indeed.  Dr.  C.  B.  Dudley,  Chief  Chemist  of  the  Pennsylvania 
Railroad,  submitted  the  following  statement  before  the  Congressional 
Committee  when  the  bill  providing  for  the  establishment  of  the  Bureau 
of  Standards  was  under  consideration:  “The  absence  of  a  recognized 
standardizing  bureau  which  could  speak  with  authority  has  compelled 
a  multiplication  of  details  in  contracts  wrhich  it  is  extremely  desirable 
to  avoid.  In  our  daily  life,  in  connection  with  the  Pennsylvania  Rail¬ 
road,  we  are  actually  compelled  to  specify  methods  of  measurement 
and  standards  in  our  contracts,  simply  because  there  are  not  standards 
recognized  by  all.”  Many  similar  statements  were  submitted  by 
prominent  engineers,  architects,  and  others,  but  time  will  not  permit 
of  their  repetition. 

The  saving  of  time  by  the  systematic  testing  of  standards  and  stand¬ 
ard  measuring  apparatus  is  no  small  item  to  be  considered  in  estimating 
the  value  of  such  an  institution.  For  example,  every  chemist,  phys¬ 
icist,  assayer,  investigator,  or  student  using  balances  of  precision  must 
know  that  his  weights  agree  with  the  standards  and  with  each  other. 
That  is  to  say,  his  unit,  pound,  or  kilogram  must  be  a  duplicate  of  the 
standard  of  the  government,  and  his  other  weights  must  be  known  in 
terms  of  the  unit.  The  first  fact  he  can  never  ascertain  for  himself, 
since  the  government  standards  are  only  accessible  to  those  in  whose 
custody  they  may  be  placed.  The  second  point  he  may  ascertain  by 
a  long,  tedious  process,  which  in  the  hands  of  an  expert  provided  with 
the  proper  facilities  becomes  the  work  of  a  short  time  and  is  more  ac¬ 
curately  done.  The  case  in  question  is  but  one  of  many  that  might 
be  cited  in  which  the  time  saved  by  properly  tested  instruments  is 
beyond  comprehension  to  any  save  those  wrho  are  daily  obliged  to 
devote  valuable  time  for  this  purpose,  much  to  the  detriment  of  the 
real  work  in  hand. 

An  institution  having  authority  in  matters  pertaining  to  standards 
and  measuring  apparatus  would  serve  as  a  means  of  preventing  and 
settling  much  of  the  expensive  litigation  which  results  from  inaccurate 
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and  unauthoritative  standards.  The  necessity  for  such  authoritative 
standards  has  in  one  case  alone — namely,  that  of  electrical  engineer¬ 
ing — been  so  great  that  the  leading  association  of  electrical  engineers 
offered  to  provide  the  government  with  the  necessary  equipment  if  it 
would  undertake  the  work. 

It  is  hoped  that  this  Bureau  will  in  time  become  something  far  more 
important  and  comprehensive  than  a  mere  standardizing  institution. 
The  scientific  and  engineering  laboratories  of  our  country  are  carrying 
on  researches  and  investigations  which  are  equal  in  value  and  impor¬ 
tance  to  those  of  any  other  country.  It  is  not  to  be  expected  that  an 
engineer  or  manufacturer  can  keep  in  touch  with  the  scientific  litera¬ 
ture  of  this  and  other  countries,  and  the  scientist  is  too  frequently  un¬ 
concerned  or  prevented  by  a  lack  of  time  from  the  consideration 
of  the  practical  applications  of  scientific  work.  There  is  no  reason 
why  this  Bureau  should  not  eventually  be  a  bureau  of  information 
where  manufacturers  and  engineers  may  go  for  assistance  and  infor¬ 
mation  along  scientific  lines.  The  progress  of  manufacturing  and 
many  commercial  industries  follows  very  closely  the  scientific  develo]>- 
ment  of  the  country.  The  government  expends  over  a  million  dollars 
annually  in  maintaining  an  elaborate  system  of  agriculture  experi¬ 
ment  stations  throughout  the  country,  in  order  that  an  agriculturist 
may  have  the  benefit  of  scientific  investigation.  Why  should  not 
the  manufacturer  be  assisted  in  the  same  way? 

It  will  not  be  the  policy  of  this  Bureau  to  adopt  arbitrarily  standard 
forms  or  designs  used  in  any  particular  branch  of  manufacturing; 
but  when  such  interests  agree  as  to  the  best  standards  in  any  par¬ 
ticular  case,  the  bureau  will  undertake  to  determine  whether  the  ar¬ 
ticles  or  standards  submitted  conform  to  the  standard  agreed  upon 
by  those  interests.  For  example,  the  Master  Carbuilders,  Associa¬ 
tion  has  adopted  a  standard  cross-section  for  a  certain  class  of  car- 
couplers,  and  the  gage  or  templet  having  this  standard  form  was  sub¬ 
mitted  to  the  Bureau  of  Standards,  which  certified  as  to  whether  its 
dimensions  conformed  to  the  specifications  adopted  by  the  Associa¬ 
tion.  In  all  such  cases  the  Bureau  will,  when  called  upon,  give  advice 
and  assist  in  every  possible  way  in  the  adoption  of  such  technical 
standards. 

It  will  be  noticed  that  the  functions  of  the  Bureau,  as  defined  by 
law,  provide  for  the  determination  of  the  properties  of  materials  and 
physical  constants.  By  properties  of  materials  in  not  meant  merely 
the  ordinary  physical  properties,  such  as  tensile  strength,  elongation, 
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elastic  limits,  etc.,  for  these  will  at  present  be  left  to  the  various  private 
testing  bureaus,  which  are  well  equipped  for  the  undertaking  of  such 
tests,  except  in  cases  where  it  is  necessary  to  have  an  authoritative 
test  for  the  purpose  of  settling  disputes;  but  the  term  is  used  in  a 
broader  sense,  which  involves  more  refined  and  elaborate  tests,  such 
as  density  or  specific  gravity,  coefficients  of  expansion,  and  compo¬ 
sition.  The  Bureau  will  be  provided  with  a  well-equipped  chemical 
laboratory,  which  in  time  will  determine  molecular  and  atomic  weights, 
the  physical  and  chemical  properties  of  the  elements,  and  possibly  the 
preparation  of  pure  materials.  Scientists  are  often  called  upon  to 
make  investigations  regarding  materials,  and  in  many  cases  the  prepa¬ 
ration  of  pure  materials  for  the  purpose  involves  greater  facilities  and 
expense  than  are  ordinarily  at  the  disposal  of  the  worker. 

Whatever  may  be  said  of  the  advantage  to  be  gained  by  the  adoption 
of  uniform  and  correct  standards  in  any  country,  applies  still  more  in 
regard  to  the  uniformity  of  standards  between  nations.  The  introduc¬ 
tion  of  modern  methods  of  transportation  and  communication  has 
brought  the  countries  of  the  world  into  closer  relation  than  were  the 
counties  of  Great  Britain  a  century  ago;  and  while  the  question  of  a 
universal  system  of  weights  and  measures  has  been  discussed  for  many 
years,  the  adoption  of  such  a  system  has  become  a  necessity  at  the 
present  time. 

The  choice  of  the  fundamental  standards  for  this  system  is  a  matter 
of  convenience,  but  that  it  is  a  decimal  system  is  of  paramount  im¬ 
portance.  The  meter  may  be  no  better  than  the  yard,  but  the  metric 
system  is  a  decimal  system  and  has  been  adopted  by  all  civilized  coun¬ 
tries  except  our  own  and  Great  Britain,  and  in  the  latter  it  has  re¬ 
ceived  a  favorable  report  by  the  Parliamentary  Committee  having  the 
subject  under  consideration,  and  it  will  be  adopted  by  that  country 
in  the  near  future. 

For  several  years  the  advisability  of  adopting  the  metric  system  of 
weights  and  measures  as  the  standard  of  our  country  has  been  con¬ 
sidered  by  Congress,  and  several  bills  have  been  favorably  reported 
upon  by  the  committees  to  which  they  have  been  referred.  Some  of 
these  reports  show  a  most  thorough  comprehension  of  the  subject, 
and  set  forth  many  urgent  reasons  why  the  metric  system  should  be 
adopted.  The  House  Committee  on  Coinage,  Weights,  and  Measures, 
of  which  the  Honorable  James  H.  Southard,  of  Ohio,  is  chairman,  has 
given  a  great  deal  of  attention  to  this  subject,  and  will  undoubtedly 
present  to  the  coming  Congress  a  bill  looking  forward  to  the  adoption 
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of  the  metric  system,  and  it  will  unquestionably  be  one  of  the  leading 
measures  discussed  by  that  body.  It  should  be  stated  that  the  passage 
of  the  act  establishing  the  National  Bureau  of  Standards  was  largely 
due  to  the  efforts  of  this  committee,  and  especially  of  its  chairman. 

There  is  no  denying  the  fact  that  a  change  in  the  weights  and  meas¬ 
ures  of  the  country  will  involve  temporary  confusion  and  expense; 
but  can  it  ever  be  adopted  with  any  less  expense  or  inconvenience? 
There  is  no  doubt  in  the  mind  of  any  thinking  person  but  that  a  uni¬ 
versal  system  must  soon  be  adopted,  and  no  system  offering  advan¬ 
tages  equal  to  that  of  the  metric  system  has  yet  been  devised. 


DISCUSSION. 

Jesse  Pawling,  Jr. — I  did  not  come  here  to  speak;  I  came  here  for  the  pur¬ 
pose  of  listening  to  Dr.  Stratton’s  paper  and  to  the  discussion;  moreover,  I 
hardly  feel  like  speaking  before  engineers — men  to  whose  profession  I  am  a  lay¬ 
man,  and  whose  business  it  is  to  use  weights  and  measures  every  day.  I  feel  that 
anything  which  I  may  say  can  have  but  little  force.  Although  I  use  weights  and 
measures  constantly,  I  do  not  use  them  for  the  same  purpose  as  engineers  do. 
It  is  not  a  matter  of  dollars  whether  I  employ  the  centimeter  or  the  inch.  Of 
course,  there  is  no  doubt  in  my  mind  that  the  metric  system  should  be  adopted. 

An  objection  that  I  have  heard  raised  to  the  use  of  the  metric  system  is  that  it 
is  not  so  easy  to  think  in  centimeters  as  in  inches.  I  find  it  just  as  easy  to  think 
in  centimeters  as  in  inches.  The  word  “centimeter”  conveys  just  as  definite 
an  idea  as  the  word  “inch”;  it  certainly  conveys  a  more  complete  idea  than 
“inch,”  as  the  former  states  what  part  of  the  meter  it  is,  while  the  latter  does 
not  tell  its  relation  to  the  foot. 

Another  objection  to  the  metric  system  that  I  have  heard  raised  is  that  it  is  not 
continuously  divisible  by  two.  Whether  it  is  or  whether  it  is  not  depends  upon 
whether  decimals  or  integers  are  used.  In  fact,  two  and  five  are  the  only  numbers 
which  will  divide  ten  continuously.  By  dividing  ten  continuously,  an  exact 
quotient  can  always  be  obtained,  if  two  or  five  is  a  divisor.  For  instance,  an  eighth 
can  be  reduced  to  a  decimal  of  three  places;  when  we  express  a  quarter  decimally, 
it  requires  but  two  places  of  decimals,  and  no  more.  Though  convenient  within 
certain  limits,  a  system  of  measurement  continuously  divisible  by  two  is  not  essen¬ 
tial.  As  an  illustration,  in  expressing  value  in  money  there  are  but  few  instances 
where  any  one  cares  to  use  a  binary  subdivision  less  than  a  quarter;  we  use  a 
quarter  dollar,  but  there  are  few  cases  where  we  use  an  “eighth  dollar,”  and  that 
not  in  coin.  Engineers  use  the  sixty-fourth.  I  do  not  know  any  particular  ad¬ 
vantage  in  the  sixty-fourth.  They  use  hundredths  whenever  there  is  occasion. 
It  is  much  easier  to  use  hundredths  than  sixty-fourths  whenever  computation  is 
involved. 

Carpenters,  for  instance,  use  the  sixteenth,  but  they  do  little,  if  any,  calcula¬ 
tion  which  involves  it.  I  do  not  know  whether,  in  the  construction  of  an  ordinary 
house,  fractions  of  an  inch  are  used  often  or  seldom;  but  any  one  who  lias  to 
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calculate  the  area  of  a  floor, — for  instance,  say,  of  12'  9"  by  11'  7", — even  though 
fractions  of  an  inch  are  not  used,  -will  probably  find  it  more  difficult  to  do  so  by 
using  feet  and  inches  than  to  reduce  these  values  to  metric  terms  and  employ  3  m. 
89  cm.  by  3  m.  53  cm. — the  metric  values  to  the  nearest  centimeter.  With  these 
numbers  it  is  simply  necessary  to  multiply  the  two  dimensions  together  and  get 
the  area  in  meters  without  any  further  reduction.  Where  it  is  required  to  find 
the  area  of  a  floor  in  feet  and  inches  it  is  necessary  to  reduce  the  dimensions  to 
inches  or  to  feet  and  fractions  of  a  foot,  and  then  reduce  the  product  to  square 
feet  and  inches. 

Neither  of  the  bills  which  have  just  been  introduced  into  Congress  makes  the 
metric  system  obligatory,  except  for  the  United  States  Government;  that  is,  no 
one  is  required  to  use  the  metric  system  unless  he  makes  contracts  for  Govern¬ 
ment  works,  or  does  work  under  Government  specifications.  The  bills  do  not 
state  or  imply  that  it  is  necessary  to  use  the  metric  system  in  private  transactions. 
The  effect  of  the  passage  of  a  bill  to  adopt  the  metric  system  in  Government 
transactions  will  be  to  bring  this  system  of  weights  and  measures  gradually  into 
prominence.  It  will  cause  the  public  to  become  familiar  with  the  metric  .system. 

Last  week  I  was  in  Washington  looking  over  the  legislation  on  weights  and 
measures.  I  naturally  assumed  that  engineers  who  are  interested  in  constructing 
machinery  in  the  customary  system  of  weights  and  measures,  and  constantly 
using  it,  would  not  particularly  favor  the  metric  system.  I  was  surprised  to  find 
that  in  May,  1896,  this  Club  favored  the  passage  of  the  bill  to  adopt  the  metric 
system  in  Government  transactions.  Four  petitions  were  introduced.  They 
were  not,  however,  presented  by  any  of  the  Philadelphia  Representatives.  One 
was  introduced  into  the  House  by  Mr.  Dalzell,  of  Pittsburg;  a  second  by  Mr. 
Scranton,  of  Scranton;  and  a  third  by  Mr.  Charles  W.  Stone.  The  fourth  was 
introduced  by  Mr.  Cameron  into  the  Senate.  It  was  this  Club  that  indorsed  the 
metric  system  at  that  time,  and  I  hope  to  see  it  take  the  same  action  in  regard  to 
the  bills  before  the  present  Congress,  so  that  we  shall  have  a  uniform  and  rational 
system  of  weights  and  measures  in  the  United  States,  and  so  that  this  country 
will  not  stand  so  far  behind  Europe  in  standard  units,  multiples,  and  submultiples 
it  employs  in  weighing  and  measuring. 

Remember,  I  speak  not  as  an  engineer,  as  for  this  I  should  find  myself  incom¬ 
petent.  I  speak  as  a  teacher. 

Carl  Hering. — I  merely  suggested  to  the  President  before  the  meeting,  that 
it  would  be  well  to  have  our  resolution  at  hand  in  case  it  were  called  for. 
It  is  short  and  it  might  be  well  to  read  it  at  this  time.  It  is  as  follows : 

“  Whereas,  The  adoption  of  an  international  system  of  weights  and  measures 
is  a  subject  of  great  practical  importance,  and 

“  Whereas,  The  metric  system  is  the  most  convenient  general  system  now  in 
use,  and  its  continued  extension  indicates  that  it  is  the  only  existing  system  of 
weights  and  measures  that  bears  a  promise  of  universal  adoption,  and 

"Whereas,  It  is  believed  that  the  difficulties  in  the  way  of  its  adoption  are 
far  more  than  compensated  by  the  advantages  to  be  gained  by  its  use; 

"Whereas,  The  question  of  the  establishment  of  the  metric  system  is  now 
under  consideration  by  Congress,  therefore 

“Resolved,  That  The  Engineers’  Club  of  Philadelphia  respectfully  urges  its 
Representatives  at  Washington  to  advocate  the  adoption  of  the  metric  system  as 
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the  only  legal  standard  in  the  United  States,  and  to  promote  such  international 
co-operation  as  will  provide  unity  of  practice  amongst  commercial  nations." 

Mu.  Pawling. — What  date  was  that  resolution  made? 

Mr.  Hering. — It  was  published  in  the  record  of  the  business  meeting  of 
April  18,  1896. 

To  revert  to  the  original  subject  of  the  establishment  of  the  Bureau  of  Stand¬ 
ards  in  Washington,  I  feel  sure  that  most,  if  not  all,  engineers  will  appreciate 
greatly  this  new  and  greatly  needed  Bureau.  It  has  certainly  been  very  humili¬ 
ating  for  this  great  country  to  have  had  to  send  to  Europe  to  have  standard  instru¬ 
ments  and  apparatus  calibrated.  More  especially  was  this  the  case  with  elect  rical 
engineers.  Up  to  quite  recently  it  was  necessary  for  us  to  semi  our  electrical 
instruments  to  the  German  Government  to  have  them  calibrated  and  tested,  as 
there  was  no  institution  in  this  country  where  we  could  get  an  official  calibration. 
There  were  private  laboratories  and  colleges,  but  that  was  not  sufficient. 

We  are  not  behind  in  constructing  instruments  of  precision,  as  some  of  our 
European  cousins  seem  to  think.  A  very  good  illustration  of  that  came  to  my 
notice  when  I  visited  the  famous  Reichsanstalt  at  Berlin  about  a  year  ago.  I 
noticed  that  in  this,  the  leading  institution  of  its  kind  in  the  world,  they  were 
using  large  numbers  of  a  certain  electrical  instrument  that  is  made  in  this  couir 
try.  That  was  very  complimentary  to  our  country  and  shows  that  the  instru¬ 
ment  certainly  was  better  than  anything  they  could  get  in  their  own  country. 
It  was  their  standard  portable  instrument.  In  talking  about  these  instruments, 
they  said:  “We  like  your  American  instruments,  but  we  do  not  accept  the  cali¬ 
bration  of  them.  We  have  to  recalibrate  them."  This  same  institute  also  made 
use  of  another  American  instrument  of  precision,  a  standard  unit  of  electro¬ 
motive  force.  Heretofore  an  English  cell  had  been  used  throughout  the  world 
as  the  best,  but  now  this  American  instrument,  which  has  been  very  carefully 
tested  by  the  Reichsanstalt,  has  been  pronounced  by  that  institution  to  be  better 
than  the  former  standard.  This  shows  that  we  are  quite  capable  of  doing  good 
work  in  this  country,  and  shows  the  great  necessity  of  having  a  standard  govern¬ 
ment  institution  that  will  calibrate  our  standards. 

We  all  owe  Professor  Stratton  our  thanks  for  what  he  did  in  getting  this  bill 
through  Congress.  I  happen  to  know  something  about  the  trouble  he  took  to  get 
this  bill  passed,  and  I  think  I  am  very  safe  in  saying  that,  had  it  not  been  for  his 
personal  efforts  in  the  interests  of  this  bill,  it  would  not  have  passed  Congress.  It 
was  passed  during  the  last  hours  of  that  Congress;  in  fact,  it  went  through  one  of 
the  houses  on  a  Sunday,  and  if  it  had  not  been  for  his  energy  it  would  have  fallen 
through  like  a  great  many  other  bills  that  were  not  acted  upon. 

Concerning  the  metric  system,  a  great  deal  has  already  been  said  and  it  may 
be  superfluous  to  dwell  on  it  here,  because  we  all  understand  the  situation;  but  it 
seems  to  me  that  the  matter  of  adopting  this  system  is  of  even  more  importance 
to  us  now  than  it  was  when  our  resolution  was  passed.  We  are  now  beginning 
to  be  one  of  the  great  exporting  nations — I  mean  in  the  exportation  of  manufac¬ 
tured  products  as  distinguished  from  the  raw  products.  If  we  want  to  compete 
with  other  countries,  especially  with  Germany  (which  country  I  believe  is  our 
chief  rival  in  manufactured  products),  we  must  use  the  metric  system  in  selling 
goods  to  other  nations.  Our  bids  are  in  some  countries  set  aside  at  once  because 
the  foreigners  say,  “We  cannot  understand  your  figures;  they  mean  nothing  to 
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us.  We  are  used  to  the  meter  and  we  prefer  to  deal  with  the  meter.'’  The  result 
is  that  the  French  and  German  manufacturers  get  the  orders  that  we  ought  to 
have. 

Concerning  the  successive  division  by  two,  which  seems  to  be  considered 
by  some  to  be  one  of  the  chief  arguments  against  the  system,  I  recall  a  rather 
amusing  incident  which  occurred  in  Germany  when  the  metric  system  was  being 
introduced  there.  The  old  German  pound  was  just  about  equal  to  a  half  kilo,  and 
people  had  been  used  to  the  half  pound  when  they  went  to  market  or  the  grocery 
store.  Two  hundred  and  fifty  grams  would  be  the  equivalent  of  the  old  German 
half  pound,  but  the  government  would  not  permit  a  single  weight  of  this  denomi¬ 
nation  to  be  made,  so  the  grocer  got  over  the  difficulty  by  tying  the  two  hundred 
and  the  fifty-gram  weights  together  permanently  with  a  string  and  using  them  as 
a  unit,  showing  how  they  persisted  in  using  the  subdivision  by  two. 

George  M.  Sinclair. — Indivisibility  by  two  is  a  very  real  and  very  strong 
objection  to  the  metric  system,  or  rather  to  the  decimal  system.  I  do  not  suppose 
there  is  an  engineer  in  this  country  who  does  not  use  the  decimal  system  in  our 
own  measures,  but,  speaking  as  a  man  interested  in  shop  work  and  in  daily  con¬ 
tact  with  mechanics,  it  seems  to  me  that  to  put  into  a  man’s  hands  a  rule  where 
the  unit  is  divided  once  by  two  and  after  that  by  five,  is  going  to  cost  dollars  every 
day,  not  perhaps  for  one  man,  but  for  a  number.  The  human  mind  naturally  (I 
believe  it  to  be  a  psychological  truth)  will  divide  by  two.  When  a  scale  is  divided 
and  subdivided  each  time  by  two,  it  is  well-nigh  impossible  for  a  workman  to  make 
a  mistake  in  reading  it;  that  is,  he  will  not  read  one-sixteenth  for  three-sixteenths, 
or  three-eighths  for  five-eighths.  If,  however,  he  has  five  divisions  of  equal  length 
on  the  scale,  it  is  a  matter  of  time  to  be  sure  that  he  is  not  reading  two-fifths  for 
three-fifths.  I  do  not  advance  this  as  an  objection  to  all  use  of  the  metric  system, 
although  I  do  not  feel  at  all  sure  that  the  metric  system  is  a  good  one  for  us  to 
adopt  in  all  industrial  enterprises.  For  scientific  pursuits,  of  course,  we  must 
have  the  metric  system.  For  the  ordinary  purposes  of  industry  and  commerce 
it  has  by  no  means  so  clearly  established  its  superiority  over  other  systems 
now  in  use  as  to  be  entitled  to  displace  them  without  further  ado,  and  I  believe 
this  to  be  peculiarly  true  of  the  measure  of  length  used  by  English-speaking 
people.  If,  however,  the  metric  system  is  to  come,  I  should  favor  the  use  of 
the  centimeter  as  the  unit  in  machine-shop  practice,  and  divide  it  into  halves, 
quarters,  and  eighths,  on  the  ordinary  rule.  A  fifth  on  a  rule  is  a  hard  thing  for 
the  man  in  the  shop  to  read  and  a  hard  tiling  to  think.  I  doubt  if  he  will 
ever  learn  to  read  those  five  small  divisions  of  the  same  length  with  the  same 
speed  and  accuracy  as  he  will  read  quarters  and  eighths. 

Mr.  Pawling. — I  do  not  quite  see  why  machinists  are  not  as  likely  to  make 
a  mistake  between  three-sixteenths  and  five-sixteenths.  The  three-sixteenths 
line  is  one  side  of  the  quarter  line  and  five-sixteenths  the  other.  I  do  not  see 
why  it  is  not  just  as  easy  to  read  two  or  three  millimeters.  The  millimeter  is 
the  unit  for  the  machine  shop  in  France  and  Germany.  It  seems  to  me  that 
the  machinist  is  not  required  to  divide  the  length  which  is  given  to  him;  he 
simply  takes  it  from  the  scale.  A  few  days  ago  I  inspected  the  injector  depart¬ 
ment  of  William  Sellers  &  Co.,  where  they  use  the  metric  system.  The  machinist 
there  will  rough  out  the  injector  and  he  uses  the  millimeter  scale  in  doing  so. 

I  did  not  see  in  that  scale  that  there  is  any  greater  objection  to  reading  milli- 
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meters  than  to  reading  sixteenths.  When  he  roughs  down  to  near  the  proj>er 
size  he  uses  standard  tools  and  gages,  and  does  not  need  to  read  any  measure¬ 
ment.  I  suppose  the  same  is  true  in  that  part  of  the  shop  where  the  English 
dimensions  are  used.  I  do  not  see  that  it  is  an  objection  to  the  metric  system 
because  it  is  not  continuously  divisible  into  halves  and  quarters.  I  do  not  think 
a  machinist  has  occasion  to  divide  the  length  that  is  given  him;  he  works  to 
drawings. 

With  regard  to  the  number  of  people  who  use  the  metric  system  and  the 
number  who  use  the  English,  I  find  from  statistics  that  four  hundred  and 
eighty  million  people  use  the  metric  system  and  one  hundred  and  fifty  million 
use  the  English.  I  think  the  ratio  is  about  three  to  one. 

Mr.  Herixg. — It  seems  to  me  that  this  objection  concerning  the  successive 
divisibility  by  two  has  been  greatly  exaggerated.  In  the  first  place  this  applies 
chiefly  to  the  construction  of  machinery.  The  unit  in  German  machine  shops 
is  not  a  centimeter,  as  has  been  supposed;  it  is  a  millimeter.  All  dimensions 
for  machinery  of  ordinary  size  are  given  in  millimeters.  Why  do  we  want  to 
be  able  to  divide  repeatedly  by  two?  It  is  because  our  inch  is  not  small  enough. 
If  we  had  a  smaller  unit  we  would  not  want  to  divide  successively  by  two.  In 
Germany  one  would  use,  say,  three  millimeters,  where  here  we  would  use  an 
eighth  of  an  inch.  Starting  out  with  three  millimeters  as  the  diameter  of  a 
shaft  or  rod,  and  then  dividing  by  two  to  get  its  radius,  would  be  a  simple  matter. 
We  start  out  with  a  fraction  like  an  eighth  and  divide  to  get  a  sixteenth,  simply 
because  we  have  not  a  small  enough  unit  to  start  with. 

An  examination  will  show  that  successive  division  by  two  does  not  necessarily 
mean  an  increase  in  the  number  of  characters.  For  instance,  when  we  write  an 
eighth  of  a  unit  we  use  three  characters — a  one,  a  line,  and  an  eight;  while  in  the 
metric  system  it  is  also  three  figures — .125.  In  writing  one-sixteenth  there 
are  four  characters;  while  in  the  metric  system,  if  you  include  the  naught,  it 
is  four — namely,  .0625.  One  requires  just  as  many  characters  as  the  other; 
the  latter  are  in  fact  more  easily  written.  If  we  start  with  three  millimeters 
instead  of  one-eighth  of  an  inch,  the  figures  required  in  dividing  repeatedly  by 
two  are  even  considerably  less  in  number  in  the  metric  system.  When  it  comes 
to  multiplying  or  dividing  mixed  numbers  like  2}  by  3$,  the  advantages  are 
overwhelmingly  in  favor  of  the  decimal  system.  Moreover,  many  of  our  frac¬ 
tions  would  disappear  if  the  small  millimeter  were  used  as  the  unit,  in  place  of 
the  inch. 

I  believe  there  are  very  few  of  us  who  do  not  wish  that  the  metric  system 
had  been  adopted  long  ago.  Our  objections  at  present  are  chiefly  that  we  do 
not  want  to  take  the  trouble  to  make  the  change;  I  think  most  of  us  would  be 
very  glad  if  our  forefathers  had  taken  the  trouble  to  make  the  change  before 
our  time.  It  seems  to  me  that  this  is  a  case  in  which  it  is  our  duty  to  do  for 
others  what  we  would  like  to  have  had  others  do  for  us. 

A.  B.  Eddowes. — There  is  one  point  which  has  not  been  touched  upon  in 
the  discussion  on  the  metric  system  in  relation  to  machine-shop  work,  and  that 
is  the  matter  of  screw-cutting  with  the  machinery  now  in  use.  It  has  been  a 
great  difficulty  to  establish  a  standard  metric  screw.  In  inspecting  foreign 
drawings  made  in  the  metric  system  I  find  that  the  English  or  Whitworth  system 
has  been  used  in  connection  with  the  metric  system.  For  instance,  the  dimen- 
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sions  of  some  engines  are  all  figured  in  millimeters  except  the  bolts,  which  are 
figured  in  inches.  In  many  cases  the  bolts  are  marked  so  many  parts  in  English, 
just  the  same  as  would  be  done  on  an  English  or  an  American  drawing.  In 
working  from  these  drawings  I  find  no  great  difficulty.  One  case  I  recall  where 
a  large  order  was  executed,  the  dimensions  were  transferred  to  a  hundredth  of 
an  inch  and  marked  on  the  drawings  in  that  way.  That  is  one  phase  of  the 
trouble.  Of  course,  the  screw  thread,  to  the  machinist,  is  perhaps  the  most 
serious  objection  in  changing  from  the  English  to  the  metric  system.  Probably, 
with  ordinary  linear  measurements  no  difficulty  whatever  would  be  experienced 
in  making  the  change,  but  with  the  screw  business  there  is  a  very  serious  trouble 
to  be  overcome.  Of  course,  the  countries  using  the  metric  system  now  have 
adopted  the  international  system  of  threads  following  closely  to  the  Franklin 
Institute  standard.  That,  I  believe,  is  gradually  coming  into  use  in  Europe.  I 
have  had  to  do  with  some  of  our  work  for  Europe,  and  found  the  metric  thread 
system  more  or  less  confusing  when  used  at  the  same  time  with  the  Franklin 
Institute  thread. 

Francis  Schumann. — The  advantages  of  a  universal  standard  of  weights 
and  measures,  besides  the  great  facility  of  calculation  due  to  the  decimal  system, 
would  outweigh  all  other  objections  you  could  possibly  think  of. 

P.  J.  A.  Maignen. — Having  only  just  entered  the  room,  I  have  not  heard  the 
discussion  and  therefore  cannot  say  much. 

I  lived  in  England  and  in  France,  and  I  must  confess  that  I  have  found  the 
metric  system  much  easier  than  the  English  system.  For  instance,  taking  a 
cubic  meter  of  water  as  a  unit,  we  know  that  it  contains  1000  liters  and  weighs 
1000  kilos.  The  subdivisions  are  equally  easy :  1  liter  of  water  weighs  1000  grams 
or  1000  cubic  centimeters. 

If  we  take  a  cubic  yard  of  water,  we  find  that  it  contains  27  cubic  feet;  each 
cubic  foot  of  water  weighs  62.42  pounds.  The  cubic  yard  of  water  contains 
201.974  United  States  gallons,  and  the  gallon  weighs  8  pounds  5j  ounces. 

Everybody  understands  how  easy  the  metric  calculations  are  compared  with 
the  conventional  English  weights  and  measures.  In  the  former  case  everything 
is  harmonized ;  in  the  second  the  work  is  much  more  intricate  and  tedious,  whilst 
the  liability  to  error  is  very  much  greater. 

In  the  matter  of  screw  threads  a  strange  practice  reigns  in  France.  Every 
plumber  has  his  own  thread,  so  that  when  you  want  to  replace  part  of  a  worn- 
out  fitting  you  have  to  go  to  the  plumber  who  made  the  original.  Something 
ought  to  be  done  to  establish  a  standard  like  that  adopted  in  this  country  for 
iron  pipes,  so  that  you  can  get  suitable  duplicate  parts  in  any  part  of  the  country. 

E.  M.  Nichols. — I  have  had  a  little  experience  in  wrought-iron  pipe  threads. 
The  standard  threads  would  be  all  right  if  the  manufacturers  wmuld  make  them 
all  alike.  Regarding  the  inconvenience  of  making  up  decimals  and  duodecimals 
or  other  scales,  I  cannot  see  that  it  will  cut  any  very  great  figure. 

I  have  had  some  experience  in  railway  construction,  and,  as  you  are  no  doubt 
aware,  our  standard  is  the  foot  and  decimal  fraction  thereof  so  far  as  measure¬ 
ments  are  concerned,  and  this  prevents  any  confusion  whatever.  As  to  quan¬ 
tities,  when  it  comes  to  computing  the  number  of  cubic  yards,  it  is  as  easy  for 
me  to  divide  by  twenty-seven  as  it  is  to  divide  by  two.  It  is  merely  a  matter 
of  practice. 
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J.  L.  W.  Birkinbine. — Speaking  of  universal  use,  1  believe  that  we  have  too 
many  different  standards  in  the  United  States  now.  Take  tin*  miner’s  inch  as 
an  example.  The  height  of  water  behind  the  weir  board  regulates  the  amount 
of  water  delivered;  therefore  this  amount  varies  considerably  in  not  only  different 
localities,  but  possibly  at  each  different  source  of  water-supply. 

I  know  of  three  different  gages  for  measuring  sheet  iron,  sheet  steel,  and 
the  various  sorts  of  wire,  which  are  all  different.  If  the  metric  system  would 
straighten  out  these  numerous  forms  of  measurement,  I  believe  it  would  rentier 
a  vast  amount  of  benefit  to  the  engineer. 

Dr.  Stratton. — I  think  the  last  gentleman  touched  upon  a  very  important 
point.  I  thought  I  knew  something  about  weights  and  measures,  but  1  find 
in  almost  every  branch  of  manufacturing  these  inconsistencies.  Take  for  ex¬ 
ample  the  wool  manufacturers.  They  have  many  different  systems  of  numbering 
varns;  there  are  so  manv  svstems.  They  must  state  what  svstem  is  meant 
when  referring  to  yarns.  There  is  the  question  of  the  various  sheet  metal  anti 
wire  gages.  Something  of  that  kind  exists  in  almost  every  branch  of  manu¬ 
facture.  I  am  told  that  the  silk  manufacturers  near  Philadelphia  use  the  Troy 
pound  and  divide  it  into  sixteen  ounces.  In  the  mint  you  will  find  in  list*  the 
avoirdupois  pound,  the  Troy  pound,  and  the  metric  system.  Now,  the  adoption 
of  the  metric  system  seems  to  me  to  have  two  advantages  that  overshadow  all 
the  rest.  The  first  is  that  it  will  give  an  opportunity  to  straighten  out  all  of 
these  inconsistencies,  and  we  are  far  enough  advanced  to  adopt  something  that 
is  rational  and  scientific.  A  great  many  manufacturers  have  already  adopted 
the  metric  system  to  some  extent.  The  other  great  advantage  is  that  it  is  a 
decimal  system;  it  is  absolutely  necessary  for  our  system  of  weights  and  measures 
to  correspond  with  our  system  of  numbers.  The  duodecimal  has  been  men¬ 
tioned.  If  our  system  were  based  upon  twelve  it  would  undoubtedly  be  the 
thing  for  weights  and  measures;  but  it  is  not,  and  it  never  will  be.  1  have  had 
considerable  experience  with  workmen  in  the  machine  shop  for  the  last  fifteen 
years,  and  I  find  that  they  soon  become  as  familiar  with  one  as  with  the  other, 
and  there  is  no  trouble  whatever.  I  do  not  see  how  anybody  can  make  a  mistake 
between  two  and  three.  We  may  divide  halves  and  quarters,  but  if  we  get 
beyond  that  in  any  kind  of  an  instrument  it  is  always  a  tenth.  I  can  estimate 
a  tenth  just  as  easily  as  a  quarter.  Now,  why  do  we  do  this?  Simply  because 
our  calculations  are  easier,  and  we  like  to  have  measurements  agree  with  our 
system  of  notation. 

Regardless  as  to  how  I  may  feel  with  respect  to  the  matter,  the  Bureau  will 
faithfully  represent  both  sides,  and  I  should  very  much  like  to  have  a  complete 
discussion.  We  desire  both  sides  of  the  question. 

One  hearing  will  be  devoted  to  tin*  department  of  the  ( Jovermnent ;  at  another, 
representative  manufacturers  and  engineers  will  be  invited  to  be  present,  irre¬ 
spective  of  whether  they  favor  the  system  or  not.  The  third  meeting  will  be 
devoted  to  the  scientific  side  of  the  question,  and  in  this  way  we  hope  to  get  at 
the  real  merits  or  demerits  of  the  system.  1  appreciate,  perhaps,  as  much  as 
any  one  can,  the  great  disadvantage  the  manufacturer  will  be  put  to  by  this 
change,  and  I  have  often  said  to  the  committee  that  the  disadvantage  to  the 
farmer  is  insignificant  as  compared  with  manufacturers  of  machinery.  In  a 
very  short  time  they  will  be  accustomed  to  the  common  weights  and  measures 
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but  it  is  a  serious  question  to  the  mechanic,  and  the  method  of  adoption  ought 
to  be  studied  carefully. 

Mr.  Nichols. — You  may  have  occasion  twenty  years  from  now  to  replace 
just  one  part  of  a  screw, — that  is,  the  male  or  female  part, — to  repair  a  machine, 
and  that  is  the  greatest  stumbling  block  to  using  the  metric  system  for  threads. 

\Ym.  C.  L.  Eglix. — I  want  to  say  that  a  few  years  ago  it  was  impossible  to 
find  an  electrical  instrument  that  a  number  of  people  would  agree  upon.  Natur¬ 
ally,  this  was  a  very  unfortunate  state  of  affairs,  not  only  for  instruments,  but 
in  the  standard  of  candle-power  for  incandescent  lamps.  The  conditions  were 
such  that  a  number  of  electric  light  companies  associated  themselves  and  ap¬ 
pointed  a  testing  bureau  to  test  their  instruments  and  lamps.  The  work  of 
this  bureau  was  so  carefully  and  efficiently  carried  out  that  numerous  requests 
were  made  by  manufacturers  for  permission  to  avail  themselves  of  the  privileges 
of  this  testing  bureau.  One  of  the  difficulties  that  came  up  was  obtaining  the 
standard  of  electromotive  force.  In  sending  instruments  to  Europe,  especially 
electrical  instruments  with  permanent  magnets,  they  are  very  liable  to  change 
in  transportation,  so  that  when  they  arrive  here  there  is  no  guarantee  of  accu¬ 
racy.  With  the  National  Bureau  an  instrument  may  be  taken  there  and  handled 
in  the  most  careful  manner,  so  that  a  person  can  be  sure  it  will  be  returned  in 
the  same  condition  as  when  it  left  the  test  bureau.  I  am  sure  that  both  the  users 
of  instruments  and  the  manufacturers  will  welcome  the  establishment  of  a 
National  Bureau  of  Standards. 

Dr.  Strattox. — I  desire  to  thank  the  Club  for  the  hearty  welcome  tendered 
me,  and  to  say  that  we  are  delighted  to  find  the  warm  interest  that  manufac¬ 
turers  all  over  the  country  are  taking  in  the  National  Bureau  of  Standards. 
We  find  nothing  but  the  best  of  good-will  and  offers  of  assistance,  and  I  feel  quite 
sure  that  the  Bureau  will  establish  eventually  a  mutual  relation  by  which  we 
will  all  be  benefited. 
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THE  IMPROVEMENT  01  THE  CHANNELS  OE  THE  DELAWARE 
AND  SCHUYLKILL  RIVERS  15V  THE  CITY  OE  PHILADELPHIA. 

C.  H.  OTT. 

Read  February  1,  1902. 

Inauguration,  Funds,  and  Appropriations. 

In  view  of  the  then  approaching  completion  of  the  improvements 

to  the  Philadelphia  harbor  by  the  United  States  ( io\  eminent,  and  also 

by  reason  of  the  memorials,  petitions,  and  statements  presented  or 

$ 

made  to  the  municipal  government  of  the  city  of  Philadelphia,  and 
to  the  public  by  the  various  commercial  and  maritime  exchanges  and 
their  joint  committees,  as  well  as  by  vessel  owners,  shippers,  associa¬ 
tions,  and  individuals  interested  in  the  navigation  of  the  two  rivers, 
the  projects  for  the  improvement  of  the  channels  of  the  Delaware  and 
Schuylkill  Rivers  by  the  city  of  Philadelphia  first  took  tangible  shape 
in  an  appropriation  made  by  Councils,  on  December  2S,  1S(.)4,  of 
$225,000,  for  the  removal  of  shoal  places  and  other  impediments  in¬ 
terfering  with  the  navigation  of  large  vessels  to  and  from  the  port  of 
Philadelphia. 

The  importance  and  urgency  of  the  proposed  improvement  wen* 
expressed  by  the  Mayor  in  his  message  to  Councils,  as  follows:  “The 
work  is  of  vital  importance  for  the  advancement  of  the  commercial 
interests  of  this  city.  If  we  are  ever  to  look  for  an  opportunity  to 
compete  in  this  direction  with  other  States,  we  must  necessarily  pro¬ 
vide  every  accommodation  and  secure  a  free  and  uninterrupted  channel 
to  the  sea,  so  that  vessels  of  the  heaviest  draft  may  have  no  hesitation 
and  find  no  trouble  in  coming  to  our  port.  Shoals  and  obstructions 
must  be  removed  and  every  facility  given  for  ship  trav  el.  There  must 
be  no  unnecessary  dangers  to  confront  merchantmen,  and  a  safe 
course  to  our  wharves  must  be  assured.’’ 

Under  this  stimulus  there  was  allotted  by  Councils  and  included 
in  the  appropriations  to  the  Bureau  of  Surveys  of  the  Department 
of  Public  Works  for  the  years  1895,  1896,  1897,  1898,  and  1899,  a  total 
sum  of  $905,000,  of  which  $685,000  was  applied  to  the  channel  of  tin* 
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Delaware  River  and  $220,000  to  the  channel  of  the  Schuylkill  River. 
Upon  this  authorization  eight  contracts  were  executed,  of  which 
three  contracts  applied  to  the  Delaware  River  and  five  contracts  to 
the  Schuylkill  River. 


The  Projects. 

The  Delaware  and  Schuylkill  Rivers,  to  the  head  of  tide-water, 
being  under  the  jurisdiction  and  control  of  the  United  States  Depart¬ 
ment  of  War  in  so  far  as  any  contemplated  improvement  of  the  chan¬ 
nels  or  changes  in  the  waterways  are  concerned,  the  city  of  Philadel¬ 
phia  asked  for  permission  to  dredge  the  channels  of  the  two  rivers  at 
designated  places,  and  authority  therefor  was  granted  by  the  Secretary 
of  War.  It  was  also  made  a  part  of  the  several  specifications  under 
which  the  work  was  executed,  “that  the  whole  of  the  work  done  under 
these  contracts  shall  be  subject  to  the  inspection  of  the  War  Depart¬ 
ment  and  shall  be  carried  on  under  regulations  prescribed  by  it.” 

During  conferences  held  by  the  Department  of  Public  Works  with 
the  United  States  Engineer  officer  for  this  district,  and  also  with 
representatives  of  the  shipping  interests,  and  vessel  owners  interested 
in  the  navigation  of  the  two  rivers,  it  was  determined  that  the  locali¬ 
ties  most  urgently  in  need  of  improvement,  by  the  removal  of  obstruc¬ 
tions  to  navigation  and  by  the  clearing  of  the  channel  to  a  sufficient 
width  and  depth  for  the  safety  of  deep  draft  vessels,  were,  for  the 
Schuylkill  River,  from  its  mouth  to  the  Walnut  Street  bridge;  and  for 
the  Delaware  River,  in  order  of  importance,  (1)  at  Schooner  Ledge, 
(2)  at  Greenwich  Point,  and  (3)  on  Fort  Mifflin  Bar. 

The  projects  under  which  these  improvements  were  begun  and  com¬ 
pleted  by  the  city  of  Philadelphia  also  folloAved  as  closely  as  possible 
and  in  entire  harmony  with  the  prior  contemplated  and  existing 
projects  formulated  by  the  United  States  Engineer  Department,  for 
the  improvement  of  the  channels  of  the  rivers  at  the  localities  named. 

The  following  descriptions,  taken  partly  from  the  specifications 
under  which  the  work  was  done  and  partly  from  the  returns  upon 
which  the  work  was  certified  to  as  completed,  define  in  detail  (1)  the 
locations  of  the  proposed  improvement ;  (2)  the  work  to  be  accom¬ 
plished;  (3)  the  contractors  who  executed  the  work ;  (4)  the  quan¬ 
tities  of  material  removed  from  the  channel;  (5)  the  prices  paid;  and 
(6)  the  results  which  were  attained. 

Contract  No.  1  comprised  the  work  of  removing  a  portion  of  Schooner 
Ledge  and  in  deepening  the  channel  along  that  range.  The  ledge  is 
situated  in  the  line  of  the  Schooner  Ledge  lighthouse  range  in  the  Del- 
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aware  River,  opposite  and  immediately  south  of  the  steel  works 
wharf  at  South  Chester,  Pa.  The  work  consisted  of  the  removal  of 
all  obstructions  to  navigation  of  whatever  character,  so  as  to  form 
a  channel  600  feet  wide  with  a  clear  depth  of  26  feet  at  mean  low 
water  over  and  through  the  ledge  of  rocks  at  that  locality.  This  work 
was  executed  by  the  Philadelphia  Public  Works  Co.,  who  completed 
2320  lineal  feet  of  the  channel  by  the  removal  of  1 12,815  cubic  yards 
of  overlying  material  at  16}  cents  per  cubic  yard,  scow  measurement, 
and  25,460  cubic  yards  of  ledge  rock  at  $10.93  per  cubic  yard,  meas¬ 
ured  in  place  in  the  ledge. 

Contract  No.  2  comprised  the  work  of  deepening  the  channel  of  ih»* 
Schuvlkill  River  from  Penrose  Ferrv  bridge  toward  Yankee  Point. 
The  work  consisted  of  the  removal  of  all  obstructions  to  navigation  of 
whatever  character,  so  as  to  form  a  channel  250  feet  wide,  with  a  clear 
depth  of  22  feet  at  mean  low  water.  This  work  was  executed  by  Frank 
C.  Somers,  who  completed  2900  lineal  feet  of  channel  by  the  removal  <>f 
89,370  cubic  yards  of  material,  at  444  cents  per  cubic  yard,  measured  in 
the  impounding  basins,  back  of  the  river  banks,  after  settlement. 

Contract  Xo.  3  comprised  the  work  of  deepening  t lie-  channel  of  the 
Schuylkill  River  from  the  terminus  of  contract  Xo.  2,  near  Yankee 
Point,  toward  Point  Breeze.  The  work  consisted  of  the  removal  of  all 
obstructions  to  navigation  of  every  character,  so  as  to  form  a  channel 
from  250  to  300  feet  in  width,  with  a  clear  depth  of  22  feet  at  mean  low 
water.  This  work  was  executed  by  the  Philadelphia  Public  Works  ('<>., 
who  completed  4700  lineal  feet  of  the  channel  by  the  removal  <>f  98,518 
cubic  yards  of  materials  other  than  rock,  at  404  cents  per  cubic  yard, 
measured  in  the  impounding  basins  after  settlement;  and  of  8  cubic 
yards  of  rock,  measured  in  compact  piles  on  deck  scows,  at  $12.50  j  er 
cubic  yard. 

Contract  Xo.  4  comprised  the  work  of  deepening  the  channel  of  the 
Schuylkill  River  from  Fifty-eighth  Street  toward  the  Baltimore  and 
Philadelphia  R.  R.  bridge.  The  work  consisted  of  the  removal  of  ob¬ 
structions  to  navigation  of  every  character,  so  as  to  form  a  channel  150 
feet  wide,  with  a  clear  depth  of  20  feet  at  mean  low  water.  This  work 
was  executed  by  the  Philadelphia  Public  Works  Co.,  who  completed 
3300  lineal  feet  of  channel  bv  the  removal  of  88,708  cubic  vards  of 
material  other  than  rock,  at  404  cents  per  cubic  yard,  measured  in  the 
impounding  basins  after  settlement;  and  of  698  cubic  yards  of  rock, 
at  $12.50  per  cubic  yard,  measured  in  place  in  the  ledge. 

Contract  Xo.  5  comprised  the  removal  of  the  upper  end  of  Schooner 
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Ledge  in  the  Delaware  River.  This  work  consisted  of  the  removal  of 
the  ledge  rock  within  a  channel  600  feet  wide  and  350  feet  in  length,  to 
a  clear  depth  of  26  feet  at  mean  low  water.  This  work  was  executed  by 
H.  T.  Dunbar  A  Co.,  who  removed  1900  cubic  yards  of  ledge  rock,  meas¬ 
ured  in  place  in  the  ledge,  at  $14  per  cubic  yard. 

Contract  No.  6  was  executed  by  the  American  Dredging  Co.,  and 
comprised  the  work  of  removal  of  obstructions  to  navigation  of  every 
character  from  the  Delaware  River  at  the  three  following  localities :  (1) 
The  removal  of  Greenwich  Point  bar  or  middle  ground  and  the  deepen¬ 
ing  of  t he  western  channel  of  the  Delaware  River  along  the  front  of  the 
city  of  Philadelphia  from  the  prolongation  of  the  lines  of  Avenue  38 
south,  to  the  prolongation  of  the  lines  of  Morris  Street,  or  to  the  lower 
limit  of  the  United  States  Government  improvement  of  the  Philadel¬ 
phia  harbor.  This  work,  being  practically  an  extension  southwardly 
of  the  Philadelphia  harbor,  from  the  Government  terminal,  was  prose¬ 
cuted  within  channel  boundary  lines  ranging  from  950  to  1050  feet 
apart,  and  resulted  in  the  formation  of  an  additional  length  to  the  chan¬ 
nel,  and  to  the  anchorage  grounds  of  the  harbor  of  10,000  lineal  feet, 
cleared  to  a  depth  of  26  feet  at  mean  low  water.  There  was  removed 
at  this  locality  1,013,674  cubic  yards  of  material,  at  18J  cents  per  cubic 
yard,  measured  in  scows.  (2)  The  deepening  of  the  channel  through 
Fort  Mifflin  Bar,  about  midway  between  Fort  Mifflin  and  Lincoln  Park 
wharf,  immediately  in  the  line  of  the  Fort  Mifflin  Bar  cut  lighthouse 
range.  A  channel  600  feet  wide,  6800  feet  in  length,  and  26  feet  deep 
at  mean  low  Avater  was  formed  by  the  removal  of  411,814  cubic  yards 
of  material,  at  18 J  cents  per  cubic  yard,  scoav  measurement.  (3)  The 
deepening  of  the  channel  along  the  Schooner  Ledge  range  line  from  the 
loAver  end  of  Schooner  Ledge  rock  to  the  Marcus  Hook  ice  harbor.  This 
Avork,  being  contingent  upon  the  funds  remaining  after  the  completion 
of  the  Avork  at  the  tAvo  preceding  locations,  resulted  in  the  formation 
of  a  channel  200  feet  Avide,  9130  feet  long,  Avith  a  clear  depth  of  26 
feet  at  mean  Ioav  Avater,  by  the  removal  of  241,758  cubic  yards  of 
material,  at  18f  cents  per  cubic  yard,  scoav  measurement. 

Contract  No.  7  comprised  the  Avork  of  deepening  the  channel  of  the 
Schuylkill  River  from  the  terminus  of  contract  No.  3,  aboAe  Yankee 
Point,  to  a  point  about  one-third  of  a  mile  below  Fifty-eighth  Street. 
The  Avork  consisted  of  the  remoA  al  of  all  obstructions  to  naA’igation  of 
every  character,  so  as  to  form  a  channel  250  feet  Avide,  AA'ith  a  clear 
depth  of  22  feet  at  mean  1oaat  Avater.  This  Avork  Avas  executed  by  the 
International  Contracting  Co.,  Avho  completed  6600  lineal  feet  of  the 
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channel  bv  the  removal  of  168,576  cubic  yards  of  material  other  than 
rock,  at  20}  cents  per  cubic  yard,  scow  measurement,  and  of  1 cubic- 
yards  of  rock,  at  85.50  per  cubic  yard,  measured  in  piles  on  the-  >cows. 

Contract  No.  8  was  executed  by  the  American  Dredging  ('<>..  and 
comprised  the  work  of  the  removal  of  all  obstructions  to  navigation  of 
every  character  at  two  locations  in  the  Schuylkill  River,  as  follows: 
(1)  The  formation  of  a  channel  250  feet  wide  and  22  feet  deep  at 
mean  low'  water,  from  the  terminus  of  contract  No.  7,  about  one-third 
of  a  mile  below  Fifty-eighth  Street,  to  the  terminus  of  contract  No.  1. 
at  Fifty-eighth  Street.  (2)  The  formation  of  a  channel  150  feet 
wide  and  20  feet  deep  at  mean  low  water,  from  the  terminus  of  con¬ 
tract  Xo.  4,  below  the  Baltimore  and  Philadelphia  U.  R.  bridge,  toward 
the  Walnut  Street  bridge.  The  work  resulted  in  forming  a  channel 
1800  feet  in  length  at  the  first  location.  At  the  second  location  the 
work  resulted  in  forming  a  channel  5600  feet  in  length,  330  lineal  feet 
of  which,  at  the  up-stream  terminal,  was  in  ledge  rock,  which  w  as  re¬ 
moved  for  the  full  width  and  depth  of  the  required  channel,  to  the  end 
of  the  work  under  this  contract,  which  terminated  at  a  point  about  500 
feet  above  Harrison’s  wharf,  or  about  2800  feet  above  <  Irav’s  Ferrv 
bridge.  There  was  removed  from  the  channel  at  these  two  locations 
168,258  cubic  yards  of  material  other  than  rock,  at  19}  cents  per  cubic 
yard,  scow  measurement,  and  of  rock,  1170  cubic  yards,  measured  in 
place  in  the  ledge,  at  810  per  cubic  yard. 


Arrangement  of  the  Work. 

It  may  be  noted  that  the  arrangement  of  the  work  in  the  Delaw  are 
River  was  such  as  to  complete  the  channels  through  the  shoals  from 
deep  water  above  to  deep  water  below'  the  bars  or  obstructions  at  each 
locality.  In  the  Schuylkill  River  the  work  was  so  arranged  as  to  form 
progressively  a  continuous  channel,  beginning  at  the  Penrose  Ferry 
bridge  and  proceeding  up-stream  toward  the  Walnut  Street  bridge. 


Disposal  of  the  Excavated  Materi  vls. 

The  earlier  contracts,  except  Xos.  1  and  5,  w  hich  consisted  princi¬ 
pally  of  rock  removal  at  Schooner  Ledge,  were  drawn  in  conformity 
with  the  ordinances  carrying  the  appropriations  for  the  work,  which 
contained  the  proviso,  “That  the  dredged  materials  be  placed  beyond 
high-water  mark  within  the  limits  of  the  city  of  Philadelphia  ”  (Ordi¬ 
nance  of  March  16,  1896). 

The  later  contracts  were  drawn  in  accordance  with  a  general  ordi- 
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nance  of  Councils,  approved  April  2,  1898,  reading  as  follows:  “That 
all  departments  making  specifications  for  dredging  the  Schuylkill  and 
Delaware  Rivers  and  tributaries  thereto  shall  provide  in  said  specifica¬ 
tions  that  the  dredged  materials  shall  be  placed  beyond  high-water 
mark  within  the  city  limits.  Provided,  however,  That  whenever,  in  the 
judgment  of  the  Director  of  the  Department  of  Public  Works,  the 
material  dredged  is  suitable  for  use  in  any  other  construction  under 
contract  by  the  city,  so  much  of  the  material  as  may  be  required  on 
such  construction  shall  be  exempt  from  the  provisions  of  this  ordi¬ 


nance. 


)) 


In  conformity  with  the  proviso  in  the  ordinance,  suitable  rocky  and 
other  materials  from  Schooner  Ledge  and  from  the  Schuylkill  River, 
to  the  extent  of  28,000  cubic  yards,  scow  measurement,  were  dumped 
at  the  city  front  as  a  support  for  the  piles  of  the  bulkhead  and  piers  of 
the  Delaware  Avenue  improvement  of  the  city  of  Philadelphia. 


The  Surveys  and  Methods  of  Measurement  of  Materials. 

The  surveys  required  for  the  execution  of  the  work,  consisting  of  the 
triangulation  of  the  rivers,  with  the  tide  gagings,  soundings  for  original 
and  finished  bottoms  of  channels,  measurements  of  quantities  on  the 
scows  and  in  the  impounding  basins,  and  in  the  location  of  points  for 
setting  channel  and  cross  ranges,  involved  the  sendees  of  two  field 
corps  and  a  large  amount  of  appurtenant  office  work.  The  surveys, 
soundings,  etc.,  where  the  ordinary  or  softer  materials  were  encoun¬ 
tered,  were  of  such  character  as  is  ordinarily  connected  with  submarine 
work  of  this  nature. 

The  various  methods  of  measurement  of  quantities,  as  specified  in 
the  earlier  contracts  as  a  basis  of  payment  to  the  contractors,  were  as 
follows :  Materials  other  than  rock  to  be  measured  in  the  scows  at  the 
place  of  deposit;  materials  other  than  rock  to  be  measured  in  the  im¬ 
pounding  basin  after  settlement  ;  rock  measured  in  place  in  the  ledge; 
rock  measured  in  compact  piles  on  deck  scoavs. 

Upon  the  later  contracts  the  following  methods  of  measurement  of 
materials,  being  found  to  be  the  most  direct  and  easily  applied,  as  well 
as  the  most  satisfactory  and  acceptable  to  both  the  city’s  engineers  and 
the  contractors,  Avere  uniformly  specified : 

“  All  materials,  other  than  rock  or  Avreckage,  aa  ill  be  paid  for  on  esti¬ 
mates  based  on  the  measurement  of  the  quantities  of  materials  arriv- 
ing  in  the  scoavs  at  the  place  of  deposit.  Ledge  rock  encountered  and 
requiring  removal  aa  ill  be  paid  for  on  estimates  based  on  the  measure- 


Ott — Channel  Improvement  oj  I)da wan  and  Srhui/lkill  Rivers.  17!) 


ment  of  the  rock  in  place  in  the  ledge.  The  ledge  shall  be  uncovered 
by  dredging  and  stripped  clean  of  all  loose  and  overlying  materials. 
After  this  stripping  has  been  done,  the  surveys  for  determining  the 
surface,  extent,  and  quantity  of  rock  to  be  removed  will  be  made. 
No  further  measurements,  allowances,  or  payments  will  be  made 
for  materials  other  than  rock  which  mav  be  necessarily  or  incidentallv 
excavated  and  removed  in  the  dredging  and  removal  of  the  ledge  rock 
within  the  limits  of  the  area  so  stripped  and  surveyed. 

“Boulders  or  loose  rock  containing  10  or  more  cubic  feet,  excavated 
during  the  stripping  of  the  ledge  or  in  excavating  the  softer  materials 
from  the  channel,  will  be  measured  on  the  scows  and  paid  for  as  ledge 
rock. 

“  Wreckage  will  be  paid  for  on  estimates  based  on  tin*  measurement 
of  the  materials  piled  ashore  in  compact,  regular  forms.” 

The  determination  of  the  quantities  of  ledge  rock  in  place  and  tin* 
testing  of  the  completed  bottom  of  the  channels  required  special 
methods  and  equipment  for  making  the  surveys,  soundings,  and 
sweepings. 


The  Sounding  Raft. 

A  catamaran  raft  Avas  constructed,  consisting  of  two  white  pine 
spliced  timbers,  each  14"  X  14"  in  section,  by  152  feet  long,  and  placed 
10"  apart.  The  two  timbers  were  suitably  connected  by  timber  bridge 
pieces  placed  4  feet  apart,  which  supported  two  14"  wide  running 
boards  extending  the  full  length  of  the  raft.  The  running  boards  were 
graduated  at  each  5  feet  of  length,  beginning  with  zero  at  the  head  and 
ending  with  Xo.  30  at  the  tail  of  the  raft.  The  raft  was  equipped  with 
mooring  rings,  chains,  cleats,  two  stanchions  at  each  end,  six  light 
anchors,  1000  feet  of  light  galvanized  steel  wire  cable  (seven  wires  of 
No.  20),  and  1000  feet  of  12-thread  manila  rope. 

The  raft  was  brought  into  position  longitudinally  with  t lie  trend  of 
the  current  in  the  channel.  It  was  held  in  position,  up-stream  and 
down-stream,  by  means  of  the  bow  and  stern  anchors,  attached  to 
about  500  feet  of  rope,  and  by  the  impinging  of  the  current.  It  was 
held  in  position  transversely,  with  the  trend  of  the  current,  by  means 
of  a  pair  of  bow  breast  and  a  pair  of  stern  breast  anchors.  Kach  pair 
of  anchors  were  connected  by  a  continuous  light  w  ire  cable,  about  500 
feet  in  length.  One  of  these  cables  passed  across  the  bow,  the  other 
across  the  stern  of  the  raft,  and  in  passing  across  was  given  a  turn 
around  the  stanchions  provided  at  each  end  of  t  he  raft  for  t  hat  purpose'. 
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The  raft  was  moved  laterally  by  hauling  in  the  desired  direction 
upon  the  wire  cables.  These  moves  could  be  spaced  through  any  con¬ 
venient  interval,  but  were  generally  parallel  and  through  a  distance  of 
5  feet.  As  each  move  of  the  raft  was  made,  surface  or  penetration 
soundings  or  sweepings,  as  the  circumstances  required,  were  taken 
along  the  side  of  the  raft  at  each  of  the  5-foot  graduations  on  the  edge 
of  the  running  boards,  thus  giving  the  location  of  thirty-one  soundings 
to  each  lateral  move. 

The  soundings  were  made  with  a  round  wooden  pole  (spruce  or 


Fra.  1. — Sounding  Raft. 

Oregon  pine  best  meeting  the  combined  requirements  of  lightness  and 
toughness)  about  36  feet  long,  tapered  from  2\"  in  diameter  in  the 
middle  to  If"  in  diameter  at  each  end.  One  end  of  the  pole  was  fitted 
with  a  steel  pike  f  of  an  inch  in  diameter  and  2  feet  long.  The  piked 
end  of  the  pole  was  weighted  with  sheet  lead  so  that  the  buoyancy  of 
the  pole  about  equaled  its  displacement  at  a  vertical  immersion  of  25 
feet.  The  pole  Avas  graduated  by  branding,  at  each  foot  and  fifth  of  a 
foot  of  its  length  from  the  end  of  the  pike. 
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Method  of  Using  the  Raft  and  Sounding  Poij:. 

The  pole  was  thrust  into  the  water,  sufficiently  ahead  of  the  bow  of 
the  raft,  so  that  the  action  of  tin*  current  and  a  slight  manipulation  by 
the  leadsman  caused  it  to  assume  an  immersed  vertical  position  when 
it  reached  the  initial  or  zero  graduation  on  the  running  hoard.  The 
pole  was  then  guided  in  a  vertical  position  by  tin*  leadsman  walking 
along  the  running  board.  At  each  of  the  thirty-one  5-foot  gradua¬ 
tions  along  the  running  board  of  the  raft  a  vertical  thrust  of  the  pole 
was  made  by  the  leadsman,  who  at  the  same  time  announced  the  depth 
below  water  surface  and  character  of  the  bottom  encountered.  Tlu* 
pole  was  not  withdrawn  from  the  water  during  the  taking  of  tin*  line  of 
thirty-one  soundings,  but  was  carried  along  by  the  current,  guided  in 
a  vertical  position,  and  only  raised  sufficiently  after  each  thrust  t«> 
clear  the  bottom  of  the  river.  The  average  time  required  to  take  a  line 
of  soundings,  involving  thirty-one  thrusts  of  the  pole,  was  about  two 
minutes,  and  the  average  number  of  lines  or  moves  was  about  twchc 
per  hour. 

In  the  Delaware  River,  penetration  soundings  were  made  by  this 
method  only  through  the  duration  of  the  ebb-tide  current;  the  more 
rapid  velocity  of  the  flood-tide  current  carried  the  pole  along  so  swiftly 
as  to  make  the  correct  reading  of  its  graduations  impracticable.* 

This  method  of  taking  penetration  soundings  gave  accurate  results 
in  the  determination  of  the  depths  and  character  of  the  river  bottom. 
Frequent  checks  upon  the  work  were  made  by  the  overlapping  of  the 
moves  of  successive  days’  work,  in  which  it  was  found  that  the  sound¬ 
ings  over  the  same  areas,  but  taken  on  different  days,  gave  profiles 
practically  identical. 

In  testing  the  bottom  of  the  channel,  which  had  been  excavated  by 
the  dredges,  in  order  to  determine  if  all  of  the  obstructions  above  tin* 
fixed  grade  plane  had  been  removed  (an  operation  known  as  sweeping), 
the  previously  described  appliances  were  used,  except  that  a  light  steel 
triangle,  with  a  base  of  5  feet,  was  substituted  for  the  pike  at  the  end 
of  the  sounding  pole. 

The  required  depth  being  set  off  on  the  pole,  by  means  of  an  adjusta- 


*Rate  of  current  velocity  in  the  Delaware  River,  from  gagings  near  Petty'* 
Island:  Average  mean  velocity  of  flood-tide  current  for  a  duration  of  .">  hours 
6  minutes  =  1T75  feet  per  second  IrW  miles  per  hour.  Average  mean  velo¬ 
city  of  ebb-tide  current  for  a  duration  of  7  hours  19  minutes  -  1 1J0  feet  per 
second  =  miles  per  hour. 
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ble  gage  mark,  t ho  sweeping  pole  was  inserted  in  the  water  and  floated 
along  with  the  current,  being  guided  and  held  at  the  required  depth  by 
the  leadsman. 

Guide  marks,  scribed  along  the  pole,  aided  the  leadsman  in  holding 
it  so  that  the  triangle  at  the  base  was  transverse  to  the  line  of  the 
sweeping.  Obstructions  above  the  finished  bottom  grade  plane  were 
thus  readily  determined  as  to  location  and  height. 

An  average  day’s  sounding  work,  during  the  full  duration  of  an  ebb¬ 
tide,  covered  an  area  150  feet  in  length  by  200  feet  in  width,  with  1240 
penetration  soundings  taken  and  recorded.  In  sweeping,  which  could 
be  done  on  either  the  ebb-tide  or  flood-tide  currents,  an  average  day’s 
work  covered  an  area  150  feet  in  length  by  400  feet  in  width. 

This  apparatus  Avas  used  exclusively  upon  the  rocky  areas  in  the 
Delaware  and  Schuylkill  Rhrers,  for  the  determination  of  the  location 
and  quantity  of  material  to  be  remoA’ed,  and  for  the  examination  of  the 
completed  channel  bottom. 

The  raft  Avas  located  at  each  moA'e  by  angular  measurements  taken 
simultaneously  from  transits  on  two  triangulation  or  sounding  stations, 
and  its  position  platted  by  intersections. 

The  Rowboat  Sweep. 

In  testing  excaA'atecl  channel  bottoms  for  completion,  in  such  loca¬ 
tions  where  ordinary  materials  had  been  remoA'ed,  a  roAA'boat  sAveep 
Avas  used.  It  consisted  of  a  diameter  iron  pipe  guide  bar  10  feet 
long,  fitted  with  1J"  tees  at  each  end.  Sliding  through  each  tee  AA’as  a 
f"  diameter  iron  pipe  gage  rod  10  feet  in  length,  painted  in  alternate 
black  and  AAdiite  foot  marks  corresponding  to  the  graduations  of  the 
dredging  tide  gage.  The  gage  rods  Avere  pro  Aided  with  set  collars  AA'ith 
thumb-screAvs  so  as  to  enable  them  to  be  clamped  at  any  desired  point- 
in  the  tees.  At  the  bottom  of  each  gage  rod  Avas  attached  a  light  iron 
chain  of  such  length  asAA’as  required  (depending  upon  the  depth  to  be 
SAvept),  and  the  chains  Avere  connected  at  their  ends  by  the  SAveeping 
bar  of  \Y  diameter  iron  pipe  12  feet  long,  a  light  line  being  attached  to 
the  SAveeping  bar  for  conA'enience  in  handling  it. 

This  SAveep  AAras^fit ted  to  the  rowboat  by  placing  the  guide  bar  athAvart 
the  boat  in  the  after  roAvlocks,  and  Avhen  in  disuse,  or  in  getting  into 
position  for  sweeping,  by  laying  the  SAveeping  bar  athAvart  the  stern 
sheets. 

The  boat  being  brought  to  the  required  location,  the  gage  rods  were 
set,  so  as  to  correspond  to  the  height  of  Avater  indicated  by  the  tide 
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gage,  and  the  sweeping  bar  was  lowered  ox  er  the  stern.  The  boat  w  as 
then  allowed  to  drift  with  the  current  along  the  channel,  being  kept  on 
the  line  of  the  channel  ranges  by  the  oarsmen.  Satisfactory  work  wa> 
accomplished  with  this  apparatus  in  locating  shoals  and  obstructions. 


Fifj.  2. — Rowboat  Sweep. 


The  Work  in  the  Delaware  River,  with  Some  Details  of 

Methods  and  Machinery  Used. 

The  excavation  of  the  materials  from  the  channel  of  the  Delaware 
River  at  Greenwich  Point,  Fort  Mifflin  Par,  and  along  the  Schooner 
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Ledge  range  between  Schooner  Ledge  and  Marcus  Hook,  also  the  strip¬ 
ping  of  the  overlying  materials  at  Schooner  Ledge,  was  accomplished 
principally  by  grapple  dredges  with  clam-shell  types  of  buckets  and 
having  capacities  for  loading  scows  at  rates  varying  from  3000  to  10,000 
cubic  yards  per  day. 

A  brief  description  of  a  typical  dredge  of  this  character  is  as  follows: 
Hull  of  wood,  36  feet  in  beam,  100  feet  in  length;  draft  of  hull,  6  feet. 
Three  spuds  or  anchors,  each  22"  square  and  55  feet  long.  One 
boiler,  marine  water  leg  type,  carrying  steam  at  100  pounds  pressure 
per  square  inch  and  having  225  nominal  H.  P.  Engines:  One  pair  of 
simple  horizontal  main  engines  with  16"  diameter  and  24"  stroke  of 
cylinder;  one  pair  of  hauling  or  anchor  engines,  simple  vertical  with 
12"  diameter  and  12"  stroke  of  cylinder;  one  pair  of  simple  horizontal 
spud  engines  with  10"  diameter  and  12"  stroke  of  cylinder.  Diameter 
of  hoisting  chain,  14".  Capacity  of  buckets,  7^-  cubic  yards;  with  side 
boards  added  to  the  bucket,  104  cubic  yards.  Length  of  boom,  53  feet. 
Hoisting  capacity,  20  tons.  Excavating  capacity,  10,000  cubic  yards 
per  day  of  10  hours.*  Maximum  width  of  cut,  50  feet.  All  engines 
exhaust  into  a  surface  condenser. 

All  of  the  materials,  except  those  stripped  from  Schooner  Ledge,  were 
towed  to  and  dumped  in  the  receiving  basins  at  Mud  Island,  near  the 
mouth  of  the  Schuylkill  River,  where  they  were  placed  ashore  above 
high-water  mark.  The  impounding  of  this  material  ashore  on  Mud 
Island  resulted  in  the  reclaiming  of  about  150  acres  of  marsh  land,  for¬ 
merly  covered  at  high  water,  but  now  an  arable  tract  in  tillage.  The 
work  of  placing  the  material  in  the  impounding  basins  was  done  by 
hydraulic  pump  dredges,  three  of  which  were  employed  in  this  work, 
having  capacities  for  placing  materials  ashore  at  the  rate  of  from  3000 
to  5000  cubic  yards  in  twelve  hours. 

These  dredges,  built  on  modern  designs,  containing  powerful  centrif¬ 
ugal  pumps,  engines,  and  boiler  plants,  are  representative  of  the  lat¬ 
est  and  most  effective  machines  designed  for  the  disposal  of  dredged 
materials  ashore.  Thev  are  constructed,  on  general  lines,  in  conform- 
ity  with  the  “  Bowers  hydraulic  dredge  system,”  an  essential  feature  of 
which  is  the  use  of  a  cutter  head  fitted  immediately  at  the  mouth  of  the 
suction  pipe. 

*  The  amount  of  material  excavated  by  a  dredge  of  this  type  per  day 
varies  greatly  and  depends  largely  upon  the  character  of  the  materials  and  depth 
of  the  excavation.  A  skilful  dredge  runner  will  excavate,  in  “good  digging,” 
about  two  bucketfuls  per  minute. 
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Fig.  iJ. — UitAiM'LK  Dukduk. 
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A  brief  description  of  this  type  of  dredge  is  as  follows:  Hull  of  wood, 
39  feet  in  beam,  1 10  feet  in  length;  draft  of  hull,  feet.  The  dredge 
has  3  spuds  or  anchors,  one  being  18"  X  18"  square,  two  being  24"  X 
24"  square,  all  being  55  feet  long.  The  boilers  are  two  in  number,  one 
a  Scotch  marine  type,  of  450  nominal  H.  P.,  carrying  steam  at  160 
pounds  pressure  per  square  inch;  the  other  being  vertical  tubular,  of 
30  nominal  H.  P.,  carrying  steam  at  100  pounds  pressure  per  square 
inch.  Engines:  One  main  triple  expansion,  inverted  marine,  condens¬ 
ing  engine  with  14"  diameter,  21"  diameter,  and  32J"  diameter  and  18" 
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Fig.  4. — Hydraulic  Pump  Dredge. 


stroke  cylinders;  one  pair  of  simple  non-condensing  cutter-head  en¬ 
gines  with  12"  diameter  and  12"  stroke  cylinders;  one  pair  of  simple 
condensing  spud  or  hauling  engines  with  10"  diameter  and  12"  stroke 
cylinders;  one  pair  of  simple,  condensing,  swinging  engines  with  12" 
diameter  and  12"  stroke  cylinders.  One  centrifugal  pump,  coupled 
directly  to  the  main  engine,  with  a  20"  diameter  intake  and  20"  diameter 
discharge,  running  at  a  speed  of  180  revolutions  per  minute.  Discharge, 
from  1000  to  2000  cubic  feet  per  minute,  containing  from  5  to  15  per 
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cent,  of  solid  matter,  depending  upon  the  character  of  material  passing 
through  the  pump;  the  higher  percentage  being  for  mud,  and  the  lower 
percentage  being  for  sand  and  gravel.  Hated  capacity  for  placing 
material  ashore,  per  day  of  12  hours,  5000  cubic  yards  of  mud,  Jihmi 
cubic  yards  of  sand  and  gravel.  Maximum  width  of  cut.  50  feet. 
Maximum  length  of  discharge  pipe,  about  5000  feet. 


Rock  Removal  at  Schooner  Lkdck. 

The  group  of  rocks  known  as  Schooner  Ledge  lie*  immediately  in  the 
channel  of  the  Delaware  River,  opposite  South  Chester,  Pa.  The 
rocky  areas  upon  which  the  excavations  were  made  lie  within  channel 
boundaries  2320  feet  long  and  600  feet  wide.  The  rocks  within  these 
boundaries  lying  above  the  plane  of  — 27  feet  below  mean  low  w  ater 
were  found  by  the  surveys  to  be  divided  into  two  areas, — viz...  Main 
Rock  and  Illinois  Rock.  Main  Rock,  occupying  the  northerly  anti 
eastern  half  of  the  channel,  had  an  area  of  312,000  square  feet,  equal 
to  acres,  and  had  several  points  upon  it  but  20  feet  and  one 

point  but  19^  feet  below  the  plane  of  mean  low  water.  Illinois  Rock, 
occupying  the  southerly  and  western  half  of  the  channel,  had  an  area 
above  the  plane  of — 27  feet  below'  mean  low  water  of  117,000  square 
feet,  equal  to  2^ —  acres,  and  had  a  number  of  points  upon  it  but  IS 
feet  below  the  plane  of  mean  low  water.* 

The  rock  is  of  a  gneiss  formation,  and  ranges  in  hardness  and  charac- 
ter  from  decomposed  mica  schist  to  quartz. 

Under  the  terms  of  the  contracts,  the  excavations  were  carried  to 
such  depths  as  to  give  a  clear  channel  26  feet  deep  at  mean  low  w  ater. 
An  undercut  of  1  foot  was  allowed,  but  no  material  removed  below* 
the  depth  of  — 27  feet  below  mean  low  water  was  paid  for. 

The  work  of  stripping  the  overlying  materials  from  the  rock,  and  of 
excavating  the  softer  materials  within  the  channel  boundaries,  w  as  be- 
gun  on  April  23,  1896. 

The  entire  extent  of  the  rock  being  but  approximately  known,  the 
dredge  cuts  for  stripping  it  were  laid  out  of  sufiicient  length  to  cover  the 
probable  extent  of  the  rock.  These  dredge  cuts  usually  terminated  in 
the  deep-water  pockets  or  holes  scoured  out  of  the  bottom  of  the  river 
at  the  up-stream  and  down-stream  terminals  of  the  rock  areas. 

Following  closely  after  the  stripping  of  the  overlying  materials,  the 


*  The  average  height,  above  the  grade  plane  of  — 27  feet  below  mean  low 
water,  of  the  rock  removed  from  both  rock  areas  at  Schooner  Ledge  was  1  feet. 
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Fig.  5. — Hock  Areas,  Sciioonkr  Lkdgk 
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surveys  and  penetration  soundings  were  made  from  the  raft  for  the 
determination  of  the  rock  areas  and  quantities  requiring  removal.  In 
the  determination  of  the  original  surface  of  the  rock  upward  of  OS ,000 
penetration  soundings  were  made,  recorded,  and  platted. 

At  the  completion  of  the  improvement  this  number  of  soundings  had 
been  more  than  trebled,  in  the  determination  of  the  quantities  to  be 
paid  for  on  monthly  estimates,  and  in  the  determination  of  the  condi¬ 
tion  of  the  finished  bottom. 

Immediately  upon  the  advancement  of  the  surveys  sufficiently  to 
permit  it,  the  work  of  drilling  and  blasting  the  rock  was  begun. 


The  Drill  Boat. 

The  work  of  drilling  and  blasting  was  performed  from  a  drill  boat  or 
scow  which  consisted  of  a  hull  90  feet  in  length  by  35  feet  in  beam,  hav- 


Fig.  t‘>. — Drill  Boat. 


ing  a  double  bottom  and  a  draft  of  about  5  feet.  In  this  was  installed  a 
battery  of  three  boilers,  of  locomotive  type,  each  haying  a  nominal 
horse-power  of  80  and  carrying  steam  at  100  pounds  pressure  per 
square  inch. 
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At  each  corner  of  the  drilling  side  of  the  scow,  there  was  fitted  an  oak 
spud  18"  square  in  section  by  65  feet  long,  sliding  vertically  between 
timber  guides,  and  so  arranged  that,  by  means  of  wire  cables  attached 
and  connected  to  hydraulic  pistons  in  the  hold,  the  operation  of  “  pin¬ 
ning  up”  could  be  performed.  The  term  “pinning  up,”  as  applied  in 
dredging  operations,  consists  in  placing  a  considerable  portion  of  the 
weight  of  the  hull  and  its  contents  upon  the  spuds  in  such  manner  as  to 
hold  it  in  a  firm  and  stable  position  by  being  supported  to  a  consider¬ 
able  extent  directly  from  the  river  bottom. 

The  other  two  corners  of  the  drill  scow  were  also  fitted  with  similar 
spuds,  except  that  they  were  operated  by  a  rack-and-pinion  move¬ 
ment  acted  upon  directly  by  a  steam-engine  of  special  design. 

The  hydraulic  and  steam  machinery  operating  the  spud  movements 
was  so  arranged  as  to  folloAV  the  rise  and  fall  of  the  tide  automatically 
and  maintain  the  required  weight  of  the  hull  upon  the  spuds  at  a  practi¬ 
cally  uniform  stress.  This  arrangement  furnished  a  drill  platform 
which  Avas  self-contained,  mobile  Avhen  required,  and  Avhich,  Avhen 
anchored  in  any  desired  position  and  pinned  up,  Avas,  under  ordinary 
conditions  of  Avind,  Avaves,  and  tidal  currents,  practically  immovable 
during  the  operation  of  drilling. 

Thi  *ee  drill  frames,  mounted  upon  a  track  running  along  the  deck 
near  the  side  of  the  drill  boat,  were  so  arranged  as  to  oA  erhang  the  side. 
The  frames  AA'ere  moved  along  the  track  by  means  of  an  endless  chain 
attached  to  a  hydraulic  engine,  the  frames  haA'ing  a  horizontal  moA'e- 
ment  along  the  side  of  the  boat  of  about  30  feet. 

In  each  drill  frame  AA'as  fitted  a  hydraulic  cylinder,  to  the  piston  of 
Avhichwas  attached  a  No.  7  Rand  rock  drill,  the  hydraulic  arrangement 
being  used  to  control  the  feed  of  the  drill  moArement  Avhich  had  a  Aerti- 
cal  range  of  about  10  feet.  The  drills  had  a  diameter  of  cylinder  of 
5j",  Avith  an  8"  stroke,  operating  a  drill  bar  2"  in  diameter  haA'ing  a  3J" 
bit,  boring  a  hole  about  4"  in  diameter,  and  AA'ere  run  by  direct  steam 
pressure. 

The  drill  boat  Avas  moA'ed  across  the  channel  through  spaces  of  5  feet. 
The  drill  holes  AA'ere  bored  about  5  feet  apart  and  to  a  depth  of  about  3 
feet  beloAv  the  undercut  grade  plane,  or  to  a  depth  of  — 30  feet  beloAV 
mean  Ioav  Avater. 

Charging  the  completed  drill  holes  Avith  explosh'es  Avas  done  entirely 
from  the  deck  of  the  drill  boats,  by  means  of  tubular  chargers  consisting 
of  steel  tubes  about  45  feet  long,  1"  in  bore,  and  fitted  Avith  Avooden 
ramrods.  One  end  of  the  tube  Avas  enlarged,  for  about  6  feet  in  length, 
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to  2¥'  in  bore,  the  enlarged  part  having  a  slit  \"  w  ide  through  its  w  hole 
length.  The  dynamite  cartridges,  2J"  in  diameter  and  3  feet  long, 
having  been  capped  and  wired,  were  slipped  into  the  split  tube,  tl  e 
wires  passing  out  through  the  slit,  and  the  charge  being  held  in  place 
by  the  slight  clamping  action  of  the  tube.  The  charged  tube  wa>  then 
lowered  by  hand  through  the  water  into  the  drill  hole,  being  guided 
from  the  deck  of  the  drill  scow  and  from  a  charging  platform  attached 
to  the  drill  frames  near  the  surface  of  the  water.  Simultaneously  with 
the  withdrawal  of  the  charging  tube  from  the  drill  hole,  t lie  cartridges 
were  pushed  out  with  the  wooden  ramrod. 

An  anchoring  device,  consisting  of  a  strip  of  tin  with  claws,  was  at¬ 
tached  to  the  cartridges,  which  prevented  their  withdraw  al  by  suction 
or  pull  of  the  firing  wires. 

The  operation  of  drilling,  charging  the  drill  holes,  and  blasting  was 
carried  on  at  each  of  the  three  drill  frames  independently  of  the  work 
proceeding  at  the  other  drill  frames,  the  drill  boat  remaining  in  position 
during  the  firing  of  the  charges.  The  work  of  drilling,  charging,  and 
blasting  was  frequently  in  simultaneous  operation. 

Xo  tamping  was  placed  over  the  charges  of  dynamite.  In  case  of  a 
failure  to  explode  the  original  charge,  which  happened  infrequently,  a 
“pop”  charge,  consisting  of  a  stick  of  dynamite  about  4"  long,  was 
forced  down  upon  the  original  charge  and  the  whole  exploded.  The 
drill  holes  were  charged  with  from  2  to  24  pounds  of  explosive  per  \  orti- 
cal  foot. 

The  major  portion  of  the  dynamite  used  upon  the  work  was  manu¬ 
factured  by  the  contractor  near  the  site  of  the  blasting  operations.  A 
description  of  this  plant  and  method  of  manufacture  is  given  in  volume 
xv,  No.  2,  of  the  “  Proceedings”  of  this  Club. 

The  work  of  drilling  and  blasting  the  rock  was  carried  on  bv  dav  and 
by  night  when  the  weather  permitted. 

The  removal  of  the  rock  by  the  dredges  followed  closely  after  its  blast¬ 
ing  and  breaking  up.  A  grapple  dredge  of  the  usual  type,  wit  h  a  clam¬ 
shell  type  of  bucket,  the  lips  of  which  were  armed  with  stool  tooth,  w  as 
first  tried,  but  with  unsatisfactory  results. 

A  dipper  dredge  designed  especially  for  the  excavation  of  rock  was 
then  substituted  for  the  grapple  dredge  and  the  work  was  completed 
by  this  machine.  A  general  description  of  this  dredge  is  as  follows: 
Hull  of  wood  9o  feet  in  length  and  36  feet  in  beam.  I  >raft  S'  h"  at  bow 
and  3'  6"  at  stern.  Spuds  numbered  four,  the  two  forward  being 
single  sticks  of  timber  36"  X  36"  in  section,  the  two  stern  spuds  being 
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24"  X  28"  in  section,  all  being  73  feet  long.  One  marine  tubular  flue, 
double  fire-box  boiler,  carrying  steam  at  100  pounds  pressure  per 
square  inch,  with  a  nominal  horse-power  of  200.  Engines :  One  double, 
simple,  condensing,  compound  geared  main  engine  with  cylinders 
14J"  in  diameter  and  18"  in  stroke;  one  double, simple, condensing,  com¬ 
pound  geared  swinging  engine  Avith  cylinders  10"  in  diameter  and  12" 
in  stroke;  one  double,  simple,  condensing,  compound  geared  spud 
engine  Avith  cylinders  13"  in  diameter  and  15"  in  stroke.  Hoisting 
chain  of  iron  in  diameter,  310  feet  long,  3  parts.  Dipper  handle, 


Fig.  7. — Rock  Dredge. 


composition  AA^ood  and  steel,  18"  X  18"  in  section,  60  feet  long.  Bucket 
capacity  2\  cubic  yards.  Weight  of  bucket,  5^-  tons.  Bucket  lip 
armed  with  4  cast-steel  interchangeable  teeth.  Crane  of  steel  Aveigh- 
ing  25  tons.  Hoisting  capacity,  90  tons. 

The  fonvarcl  spuds  of  this  dredge  AA'ere  arranged  for  pinning  up,  by 
cables  passing  0A~er  pulleys  at  their  tops,  so  that  a  considerable  portion 
of  the  AA'eight  of  the  fonvard  part  of  the  hull  and  its  machinery  ay  as 
rigidly  supported  directly  from  the  mer  bottom.  This  preAented  any 
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rolling  of  the  hull  when  the  crane  with  its  loaded  dipper  wa>  swung 
around,  and  also  prevented  the  dredge  from  backing  off  the  work  at 
such  places  where  very  large  pieces  of  rock  or  of  ledge  not  thoroughly 
broken  up  and  loosened  were  encountered. 

This  dredge  was  able  to  cut  a  width  of  40  feet.  The  cuts,  as  agre< *d 
upon  by  the  engineers  and  the  contractor,  were  fixed  at  20  feet  in 
width  over  the  rocky  areas. 

The  blasted  rock,  as  excavated  by  this  dredge,  ranged  in  sizes  from 
road  metal  to  pieces  containing  4  cubic  yards.  The  excavation  of  the 
rock  proceeded  at  the  rate  of  1200  cubic  yards,  place  measure,  per 
month. 

In  testing,  by  sweeping  from  the  survey  raft,  the  presumed  fin¬ 
ished  bottom  of  the  channel  excavated  bv  the  dredge,  it  was  found, 
except  at  such  places  where  very  deep  excavations  had  been  made,  that 
a  number  of  scattered  shoal  points  remained.  The  immediate  re¬ 
dredging  of  such  shoal  places  usually  resulted  in  their  remov  al,  but  the 
subsequent  sweepings  immediately  after  the  redredging  showed  that 
other  shoal  points  had  been  formed  by  the  movements  of  the  dredge  in 
shoving  material  around  with  its  dipper,  and  by  the  movement  of  it" 
spuds  and  anchors  in  turning  up  stony  materials  on  the  river  bottom. 

The  Contractor’s  Diving,  Sweeping,  and  Derrick  Scow. 

The  repeated  attempts  to  produce  a  clean  bottom  and  clear  channel 
by  the  sole  means  of  the  dredge  became  so  unsatisfactory  and  expen¬ 
sive  that  a  combined  diving,  sweeping,  and  derrick  scow  was  devised 
and  used  by  the  contractor.  This  consisted  of  a  small  dump  scow 
upon  which  was  mounted  a  hoisting  engine  and  derrick.  The  middle 
pocket  of  the  scow  was  floored  over  a  few  feet  above  the  water  line 
and  housed  in.  In  this  was  placed  the  diving  apparatus,  the  diver 
entering  the  water  directly  from  this  compartment  through  tin*  bottom 
of  the  scow. 

At  the  two  corners  of  the  stern  or  hoisting  end  of  the  scow  were 
fitted  two  small  winding  drums  with  cranks,  ratchets,  and  pawls,  upon 
each  of  which  was  wound  about  40  feet  of  light  steel  wire  haw  ser.  The 
ends  of  the  hawsers  were  connected  to  a  steel  sweeping  bar  1"  ■  b"  X 
30  feet  in  length.  Both  hawsers  were  graduated,  at  the  required 
lengths  from  the  cross  or  sweeping  bar,  in  alternate  black  and  white 
foot  marks  corresponding  to  the  marks  on  the  dredging  tide  gage. 

The  scow  was  held  in  position,  on  the  channel  ranges,  by  1  anchors, 
— bow,  stern,  starboard  breast,  and  port  breast  anchors,  and  was 
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moved  over  the  shoal  places  by  the  action  of  the  current,  the  rate  and 
direction  of  motion  being  controlled  by  the  anchor  lines. 

Cleaning  up  the  bottom  of  the  channel  with  this  apparatus  was  done 
as  follows:  The  scow  was  brought  into  the  desired  position  by  means  of 
the  anchor  lines  and  the  sweeping  bar  was  lowered  to  the  required  depth 
as  indicated  by  the  height  of  water  on  the  tide  gage.  The  diver,  hav¬ 
ing  previously  made  ready,  Avas  lowered  to  the  bottom  of  the  river,  and, 


Fig.  S. — Diving,  Sweeping,  and  Derrick  Scow. 

grasping  the  SAveeping  bar,  Avalked  along  the  bottom  with  the  current 
and  with  the  movement  of  the  scoav. 

'When  the  sweeping  bar  struck  an  obstruction  aboA’e  the  grade  line, 
it  became  instantly  knoAvn  to  the  dWer  and  also  to  the  watchmen  in 
charge  of  the  Avinding  drums  on  the  deck.  The  moA'ement  of  the  scow 
Avas  instantly  stopped  and  the  dWer,  by  feeling  along  and  under  the 
bar,  could  at  once  locate  the  position  and  extent  of  the  obstruction 
encountered.  The  necessary  appliances  being  loAvered  to  the  dh*er, 
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the  obstruction  was  chained,  slung:,  and  hoisted  on  deck.  The  sen  ices 
of  two  divers  were  used  in  shifts  of  f>  hours  each. 

The  work  accomplished  with  this  apparatus  was  entirely  satisfactory, 
with  positive  results  in  the  cleaning:  up  of  the  channel  bottom  and  at  a 
cost  of  at  most  not  more  than  one-half  of  that  of  operating  a  dredge 
in  the  attempt  to  perform  a  similar  character  and  amount  of  work. 

Upon  the  completion  of  the  sweeping  and  cleaning  up  of  tin*  channel 
bottom  on  the  part  of  the  contractor,  the  entire  area  covered  by  this 
work,  both  for  the  removal  of  the  softer  materials  and  for  the  rock  re¬ 
moval,  was  examined  for  a  clear  depth  and  width  of  channel  by  a 
double  sweeping  from  the  survey  raft. 


The  Work  in  the  Schuylkill  River,  with  Some  Details  <>f 

Methods  and  Machinery  Used. 

In  the  improvement  of  the  channel  of  the  Schuylkill  River,  under 
the  five  contracts  embracing  the  project,  the  varied  character  of  the 
materials  forming  the  river  bottom  involved  the  use  of  varied  method' 
of  excavating  and  handling  the  materials,  and  of  placing  them  ashore 
above  high-water  mark.  The  materials  excavated  ranged  in  character 
between  the  limits  of  semi-fluid  mud  and  ledge  rock,  the  intervening 
materials  consisting  of  stiff  mud,  firm  yellow  and  blue  clay,  sand,  fine 
and  coarse  gravel,  boulders,  and  loose  rock.  So  abrupt  were  t lie 
changes  in  the  character  of  materials  that  scows,  loaded  within  a  few 
hours  by  the  progressive  work  of  a  dredge,  might  contain  an  assort¬ 
ment  of  materials  covering  almost  the  entire  range  above  given. ' 

Upon  that  reach  of  the  river  extending  from  the  Penrose  Ferrybridge 
to  a  point  about  one-half  mile  above,  the  channel  was  excavated  by  a 
hydraulic  pump  dredge  which  placed  the  material  directly  ashore  in 
the  impounding  basins  back  of  the  river  banks. 

The  formation  of  a  channel  by  this  method  was  fairly  successful,  ex¬ 
cept  where  very  coarse  gravel  or  boulders  were  encountered.  Such 
materials  required  a  dipper  dredge  for  their  removal. 

Upon  other  reaches  of  the  river  the  channel  was  excavated  by  grap¬ 
ple  and  dipper  dredges.  The  material  was  loaded  on  scows  and  towed 
to  receiving  basins,  where  it  was  placed  ashore  by  a  variety  of  ma¬ 
chinery  and  appliances.  In  order  to  prepare  the  material  suitably  for 
the  capacity  of  the  shore  disposal  machines  and  appliances,  it  became 
necessarv,  in  very  many  instances,  to  screen  the  material  as  it  was 
excavated  by  the  channel  dredges.  This  was  accomplished  by  placing 
a  movable  screen  over  each  pocket  of  the  scow  as  it  was  being  loaded 
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and  allowing  the  excavated  material  to  drop  through  the  screen  from 
the  bucket  of  the  dredge.  Compact  clay  was  thus  broken  up  into 
pieces,  so  as  to  facilitate  its  passage  through  the  shore  disposal  ma¬ 
chines,  and  all  stones  or  boulders  of  excessive  size  were  screened  out 
and  disposed  of  on  shore  by  hand  or  by  special  devices. 

Very  coarse  gravel,  compact  clay  in  large  lumps,  and  boulders  were 
placed  ashore  by  means  of  dump  cars  running  upon  a  temporary 
trestle  wharf  built  out  into  the  river,  the  material  dumped  from  the 
scows  being  loaded  upon  the  cars  by  a  small  dredge. 

Upon  the  earlier  contracts  the  materials  were  mainly  placed  ashore 
by  means  of  a  pulsometer.  This  consisted  of  a  timber  caisson  20  feet 
by  20  feet  square  by  36  feet  in  depth,  with  double  walls  and  a  bottom. 
Within  the  caisson  was  placed  the  pulsometer,  which  consisted  of  a 
vertical,  f"  thick,  iron,  closed  cylinder  6  feet  in  diameter  and  31  feet 
high. 


Fitted  at  the  sides  of  this  cylinder,  near  the  bottom  and  diametrically 
opposite  each  other,  were  a  discharge  pipe  and  a  suction  pipe,  each  30" 
in  diameter.  Both  of  these  pipes  extended  through  the  sides  of  the 
caisson.  The  suction  pipe  extended  out  horizontally  about  20  feet; 
the  discharge  pipe,  after  leaving  the  side  of  the  caisson,  rose  with  an 
incline  and  extended  to  such  distance  as  was  required  for  the  final  dis¬ 
posal  of  the  materials.  Both  the  suction  and  the  discharge  pipes 
were  fitted  with  quick-acting  stop-valves,  operated  directly  by  a 
steam  piston,  the  suction  valve  being  placed  within  the  caisson,  the 
discharge  valve  being  placed  without  the  caisson  at  a  convenient 
distance  above  its  bottom. 

At  the  top  of  the  cylinder  was  placed  a  manhole  and  a  10"  diameter 
inlet  pipe,  which  extended  vertically  into  the  cylinder  about  3  feet  and 
was  capped  and  perforated  so  as  to  form  a  spray  or  condensing  jet. 
The  upper  portion  of  the  inlet  was  a  cross,  to  which  was  attached  a 
relief  valve,  a  10"  diameter  steam  supply  pipe,  and  a  6"  diameter  water 
supply  pipe,  each  pipe  being  fitted  with  a  quick-acting  stop-valve. 

Steam  at  a  pressure  of  90  pounds  per  square  inch  was  supplied  from  a 
battery  of  four  boilers  of  locomotive  type,  having  a  nominal  rating  of 
100  H.  P.  each. 

The  suction  was  operated  under  a  vacuum  of  from  18"  to  23". 

The  caisson,  with  its  cylinder,  was  lowered  and  ballasted  in  a  receiv¬ 
ing  basin  excavated  to  a  depth  of  20  feet  below  mean  low  water.  The 
dredged  materials  were  dumped  from  the  scows  immediately  over  the 
end  of  the  suction  pipe. 
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The  operation  of  this  machine  may  be  briefly  described  as  follows: 
The  suction  valve  being  closed  and  the  discharge  valve  being  o|h*ii, 
steam  was  admitted  to  the  pulsometer,  blowing  out  its  contents.  11  o 
steam  was  then  shut  off,  the  discharge  valve  was  dosed,  and  the  water 
jet  turned  on,  thus  condensing  the  steam  in  the  cylinder  and  forming 
a  partial  vacuum.  The  water  jet  was  turned  off,  and  simultaneously 
the  suction  valve  was  opened,  upon  which  an  inrush  of  water,  mixed 
with  the  materials  lving  immediatelv  around  the  mouth  of  the  suction 
pipe,  took  place,  partially  filling  the  pulsometer.  The  suction  valve 
was  now  closed,  the  discharge  valve  was  opened,  and  the  steam 
again  admitted  under  a  full  head  of  pressure,  forcing  out  the  mate¬ 
rials  through  the  discharge  pipe.  The  discharge  valve  was  again 
closed,  the  steam  shut  off,  and  the  water  jet  again  turned  on,  forming 
another  vacuum,  thus  completing  the  cycle  of  operations,  which  could 
be  repeated  indefinitely,  or  so  long  as  any  fluid  or  semi-fluid  material 
remained  around  the  mouth  of  the  suction  pipe. 

The  cycle  of  operations  forming  each  discharge  or  “blow”  occupied 
about  a  half-minute.  The  machine,  when  in  efficient  working  order, 
placed  medium-sized  gravel,  mixed  with  mud,  ashore  at  the  rate  of  200 
cubic  yards  per  hour.  An  observed  performance  was  480  cubic  yards 
of  very  soft  mud  placed  ashore  in  thirteen  minutes.  The  duty  re¬ 
quired  of  this  machine  at  this  location  was  about  2500  cubic  yards  of 
material  placed  ashore  per  day  of  ten  hours.  This  apparatus  was 
fairly  successful  in  placing  the  varied  materials  ashore,  though  consid¬ 
erable  difficulty  was  experienced  in  the  passage  of  very  coarse,  clean 
gravel,  small  boulders,  stones,  or  compact  clay,  unless  mixed  with  a 
proportion  of  soft  river  mud.  A  number  of  stones  containing  at  least 
2  cubic  feet  and  a  pile  head  14"  in  diameter  and  4  feet  long  wore  passed 
through  the  pulsometer  in  the  course  of  its  work  without  any  damage 
or  stoppage.  The  discharge  pipes  ranged  from  300  to  500  feet  in  lengt  h. 
The  discharge  of  this  machine,  when  the  materials  were  of  a  favorable 
character,  was  upward  of  50  per  cent,  of  solid  matter. 

Considerable  difficulty  was  at  times  experienced  with  this  machine, 
by  reason  of  its  being  partly  submerged,  thus  requiring  the  sen  ices  of  a 
diver  for  the  purpose  of  making  thcoriginal  connections  of  thedischarge 
and  suction  pipes,  and  for  repairs  and  adjustments  thereto.  A  serious 
objection  to  this  type  of  machine  for  placing  materials  ashore,  is  its  lack 
of  mobility.  A  number  of  floating  pulsometers  have,  however,  boon 
built  and  used  with  a  measure  of  success. 

In  the  later  contracts  upon  the  Schuylkill  River  the  materials  were 


198  Ott — Channel  Improvement  of  Delaware  and  Schuylkill  Rivers. 


placed  ashore  at  Mud  Island  by  means  of  the  hydraulic  pump  dredges 
already  described. 

In  the  earlier  contracts  upon  the  Schuylkill  River,  the  rock  removal 
was  accomplished  by  the  same  appliances  as  those  used  at  Schooner 
Ledge.  In  the  later  contracts  a  grapple  dredge  was  fitted  up  as  a  drill 
boat  by  mounting  the  rock  drills  upon  an  adjustable  platform  sliding 
on  the  stern  spud.  The  drill  holes  were  charged  with  explosives  by  a 
diver. 

Comparative  Measurements. 

Rock  from  Place  in  Ledge  to  Scow  Measurement. — Upon  the  three  con¬ 
tracts  under  which  any  considerable  amount  of  rock  was  removed, 
the  work  was  separated  by  quite  an  interval  of  time  and  distance 
between  locations.  The  three  rock  areas  were  equally  well  stripped 
and  cleaned  of  overlying  material,  and  the  processes  of  drilling,  blast¬ 
ing,  and  dredging  the  rock  were  practically  similar  at  the  three  local¬ 
ities. 


Location. 

Quantity  of  Rock 
Measured  in  Place 
in  the  Ledge  Lying 
Above  the  Grade 
Plane. 

Quantity  of  Broken- 
Rock,  Measured  in  the 
Scows,  Removed  to 
Accomplish  the  Given- 
Place  Measure  Rock 
Removal. 

Ratio  of  Scow 
Measurement  to 
Place  Measure¬ 
ment. 

Cu.  yds. 

Cu.  yds. 

Contract  Xo.  1,  .... 

25,460 

61,630 

2.42— 

Contract  Xo.  5,  .... 

1,900 

4,657 

2.45+ 

Contract  Xo.  8,  .... 

1,092 

2,640 

2.41+ 

Average  ratio,*  scow  to  place  measurement,  2.42+. 


The  apparently  great  ratio  between  scow  and  place  measurement 
may  be  accounted  for  in  the  excessive  depth  occasionally  dredged  in 
order  to  accomplish  the  removal  of  the  rock.  This  overdepth  at  some 
places  reached  to  4  feet  below  the  finished  bottom  grade  plane. 

Materials  Other  than  Rock,  from  Scow  Measurement  to  Place  Measure¬ 
ment  in  the  Impounding  Basins. — Upon  contracts  Xos.  3  and  4,  in  the 


*  This  is  not  a  ratio  of  the  bulk  of  solid  rock  to  its  increased  bulk  after  being 
broken  up  and  placed  in  scows  or  the  spoil  bank.  It  is  simply  indicative  of  the 
probable  quantity  of  broken  rock  which  will  be  necessarily  dredged  in  order  to 
accomplish  the  removal  of  a  determined  quantity  of  solid  rock  after  such  solid 
rock  has  been  stripped  of  all  overlying  materials  and  has  been  blasted. 
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Schuylkill  River,  the  payments  for  the  excavated  material  wore  bax*d 
upon  the  measurement  of  the  materials,  placed  hack  of  the  river  hank* 
in  impounding  basins,  after  draining  and  settlement  for  a  period  of 
thirty  days. 

The  materials  from  both  of  these  contracts  were  placed  in  the  same 
impounding  basin.  After  drainage  and  settlement,  236,1)20  cubic 
yards,  scow  measurement,  measured  187,226  cubic  yards  in  place  in  the 
basin.  Ratio  of  scow  to  place  measurement,  1.27 — . 

In  the  measurement  of  materials  in  the  impounding  basin  the  original 
surface  was  cross-sectioned  on  lines  averaging  25  feet  apart.  Settle¬ 
ment  boards,  averaging  one  to  each  5000  square  feet  of  area  of  the  base 
of  the  fill,  were  located  and  placed  in  the  impounding  basin.  The  set¬ 
tlement  boards  consisted  of  a  2"  X  2"  stake,  6"  long,  driven  flush  with 
the  surface  which  was  leveled  and  trimmed  around  the  stake.  A  board 
12"  square  and  1"  thick  was  laid  over  the  head  of  the  stake,  to  which  it 
was  fastened  by  nailing. 

In  connection  with  the  system  of  cross-sectioning,  level  readings  were 
taken  on  top  of  the  settlement  boards.  Upon  the  completion  of  the 
filling,  level  readings  were  again  taken  upon  the  boards,  a  water  jet  test 
boring  apparatus  being  used  to  penetrate  the  materials  covering  them. 

Owing  to  the  variable  character  of  the  base  of  the  impounding  basin, 
ranging  from  marsh  to  gravelly  hillocks,  the  settlement  was  found  to 
be  variable,  but  was  quite  appreciable  in  all  of  the  boards  except  in 
those  laid  on  Aery  firm  ground.  The  settlement  of  the'  base  of  the  fill 
became  an  important  factor,  and  was  allowed  for  in  the  preparation  of 
estimates  paid  to  the  contractor.  The  base  settlement,  as  determined 
by  the  boards,  ranged  from  0  per  cent,  to  1 1  per  cent,  of  the  height  of 
fill  covering  them. 

One  board,  laid  on  moderately  soft  ground,  settled  1  ,':(T  feet  under  a 
fill  of  15  feet  of  very  coarse  gravel;  another,  under  a  fill  of  14  feet  of 
similar  material,  settled  ly1^  feet. 


The  Work  Accomplished. 

The  results  attained  in  the  Delaware  River  have  been  of  immediate 
benefit  to  deep-draft  navigation.  At  (Ireenwich  Point  the  work  has 
facilitated  the  passage  of  large  vessels  into  t  ho  harbor.  1 1  lias  extended 
the  improved  channel  and  deep  water  of  the  Philadelphia  harbor  south- 
wardlv  nearly  2  miles  from  the  southerlv  terminus  of  the  United  States 
Government  improvement  of  the  harbor.  It  has  provided  better  and 
more  extensive  anchorage  grounds,  and  it  has  removed  the  cause'  of  the 
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former  frequent  grounding  of  vessels  engaged  in  the  coal  trade,  when 
leaving  their  berths  at  the  coal  wharves  at  Greenwich  Point. 

At  Fort  Mifflin  Bar,  a  locality  formerly  noted  for  the  frequency  of 
grounding  of  laden  vessels,  the  work  has  provided  an  adequate  channel 
for  the  passage  of  deep-draft  vessels  across  the  bar. 

At  Schooner  Ledge  the  work  has  resulted  in  the  formation  of  a  chan¬ 
nel  600  feet  wide,  with  a  clear  depth  of  26  feet  at  mean  low  water  over 
the  ledge  rock  shoals  which  have  heretofore  been  a  constant  menace  to, 
and  almost  prohibitive  of,  deep-draft  vessels  entering  the  port  of  Phila¬ 
delphia. 

The  length  of  channel  cleared  in  the  Delaware  River  aggregated  oT\ 
miles,  thereby  opening  the  26  feet  deep  channel  for  the  first  20  miles 
below  the  harbor  of  Philadelphia,  excepting  over  a  shoal  immediately 
between  Tinicum  and  Chester  Islands,  which  is  now  in  process  of  re¬ 
moval  by  the  city  of  Philadelphia. 

The  work  in  the  Schuylkill  River  resulted  in  the  formation  of  a  chan¬ 
nel  250  feet  wide,  cleared  to  a  depth  of  22  feet  at  mean  low  water,  3 
miles  in  length,  extending  from  the  Penrose  Ferry  bridge  to  (Gibson’s 
Point)  Fifty-eighth  Street  ;  also  of  a  channel  150  to  200  feet  in  width, 
dredged  to  a  clear  depth  of  20  feet  at  mean  low  water,  ly^  miles  in 
length,  extending  from  Fifty-eighth  Street  to  a  point  about  500  feet 
above  the  Harrison  Chemical  Works  wharf.  Total  length  of  continuous 
channel  dredged  in  the  Schuylkill  River,  4T7y  miles.  This  work  has 
been  of  immediate  benefit  to  the  navigation  and  shipping  interests  of 
the  Schuylkill  River. 

It  may  be  of  interest  to  state  that  38  per  cent,  of  the  value  of  the  en¬ 
tire  animal  exports  from  the  port  of  Philadelphia  passes  out  by  way  of 
the  Schuylkill  River. 

This  work  of  channel  improvement  in  the  Delaware  and  Schuylkill 
Rivers  was  done  immediately  under  the  supervision  of  the  Bureau  of 
Surveys  of  the  Department  of  Public  Works,  of  which  Mr.  George  S. 
Webster  is  Chief  Engineer  and  Mr.  George  E.  Datesman  is  Principal 
Assistant  Engineer.  The  immediate  supervision  of  the  field  parties, 
field  offices,  and  inspection  of  the  work,  from  April,  1896,  to  January, 
1900,  was  in  charge  of  Mr.  C.  H.  Ott,  Assistant  Engineer. 
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*  Indicates  tin*  accepted  bids  at  which  t h« •  work  was  done. 
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DISCUSSION. 

L.  Y.  Schermerhorn. — Mr.  Ott’s  valuable  data  relative  to  the  ratio  between 
rock  in  place  and  the  same  material  measured  in  scows  are  the  first  careful 
determination  which  I  have  ever  seen.  It  has  long  been  the  practice  to  allow 
that  a  cubic  yard  of  rock  in  place,  in  quarry,  or  other  dry  work,  would  make 
from  1.8  to  2.0  cubic  yards  of  rock  in  embankment,  and  it  is  believed  that  this 
assumption  is  correct.  In  the  determination  made  by  Mr.  Ott  he  has  calculated 
the  volume  of  rock  removed  to  a  fixed  plane,  and  consequently  does  not  make 
allowance  for  any  volume  removed  below  that  plane;  whereas  the  scow  measure¬ 
ment  of  the  same  rock  includes  the  material  below  such  a  plane. 

In  the  removal  of  rock  under  water  it  is  more  economical  to  the  contractor 
to  remove  a  certain  excess  of  rock,  than  to  adhere  closely  to  the  minimum  depth. 
If  five  feet  of  rock  is  to  be  removed,  it  would  not  be  unusual  for  the  contractor 
to  remove,  on  an  average,  an  excess  of  one  foot;  and  this  excess  would  about 
make  up  the  ratio  of  one  cubic  yard  in  place,  above  the  plane  of  removal,  as 
equal  to  2.42  cubic  yards  as  measured  in  scows. 

Col.  C.  W.  Raymond,  Corps  of  Engineers,  determined  that,  in  the  construc¬ 
tion  of  the  Delaware  Breakwater,  one  cubic  yard  of  solid  rock  made  about  1.7 
cubic  yards  of  settled  rock  embankment.  This  rock  weighed  about  166  pounds 
per  solid  cubic  foot;  and  the  loose  rock  weighed  about  96  pounds  per  cubic  foot 
of  volume  occupied  by  the  loose  rock.  There  was  therefore  about  42%  of  voids 
in  the  loose  rock. 

Refer  ring  to  the  measurement  of  earthy  material  dredged  and  subsequently 
deposited  by  the  hydraulic  process  in  filled  areas  on  shore,  the  following  data, 
derived  from  the  filling  of  a  part  of  League  Island,  will  be  of  interest:  During 
the  improvement  of  Philadelphia  Harbor  about  3,600,000  cubic  yards  as  meas¬ 
ured  in  scows  was  deposited  by  hydraulic  dredges  on  League  Island.  The 
volume  of  the  fill,  as  finally  determined  from  careful  surveys,  covering  a  period 
of  four  years,  was  2,200,000  cubic  yards;  or  the  volume  of  the  fill  was  only  62% 
of  the  volume  of  the  material  as  determined  by  scow  measurement.  This  loss 
of  38%  was  probably  about  equally  divided  between  the  following  causes:  (1) 
a  loss  on  scow  measurement  arising  from  the  fact  that  the  material  as  measured 
m  the  scows  was  much  less  compact  than  in  its  natural  condition;  and  (2)  a  loss 
of  volume  arising  from  the  settlement  of  the  base  of  the  fill,  and  the  compacting 
of  the  material  by  the  long-continued  puddling  effect  of  the  hydraulic  method 
of  deposit. 

The  settlement  of  the  base  of  a  fill  made  by  the  hydraulic  process  is  dependent 
upon  the  height  and  consequent  weight  of  the  fill  per  square  foot  of  filled  area, 
and  upon  the  compressibility  of  the  base;  the  latter  may  vary  between  ver}~ 
wide  limits.  In  the  deposit  of  about  3,200,000  cubic  yards  of  material  upon 
Petty  Island,  it  was  found  that  for  a  height  of  fill  of  about  eight  feet  the  base 
of  the  fill  settled  about  one  foot.  The  ground  upon  which  this  fill  was  made 
was  cultivated  and  meadow  land. 

The  method  adopted  for  the  determination  of  the  settlement  of  the  base  of 
the  fill  was  as  follows:  At  regular  intervals,  and  about  200  feet  apart  each  way, 
wrought-iron  plates  18  inches  square  and  \  of  an  inch  thick  were  placed  upon 
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the  previously  leveled  surface  of  the  ground  to  be  filled,  with  a  piece  of  wrought- 
iron  pipe  1}  inches  in  diameter  taped  into  this  plate,  and  long  enough  to  extend 
above  the  final  surface  of  the  fill.  The  elevation  of  upper  surfaces  of  the  iron 
plates  and  the  tops  of  the  iron  pipe  were  referred  to  a  jx»rmanent  lietich  mark; 
after  the  completion  of  the  fill  the  elevation  of  the  tops  of  the  iron  pipes  was 
again  determined,  and  therefrom  the  settlement  of  the  plates,  or  the  base  of 
the  fill,  was  calculated. 

Geo.  B.  Hartley. — I  would  like  to  ask  Mr.  Ott  if  the  natural  flow  of  the 
tides  will  cause  a  deposit  on  those  points  which  it  will  be  found  necessary  to 
dredge  from  time  to  time. 

Mr.  Ott. — The  work  was  done  at  such  localities  where  there  was  an  immediate 
demand  and  a  necessity  for  the  improvement.  The  work  essentially  consisted 
in  the  deepening  and  widening  of  existing  channels.  Examinations  of  tin*  channels 
dredged  by  the  city  of  Philadelphia  have  been  made  from  time  to  time  since 
the  completion  of  the  work.  Xo  shoaling  of  any  moment  has  been  reported, 
nor  has  there  been  any  difficulty  in  the  movements  of  deep-draft  laden  vessels 
through  these  deepened  channels.  There  is  a  possibility  that  some  of  tin*  channel 
reaches  will  require  maintenance  by  occasional  dredging.  It  is  certain,  however, 
that  no  further  dredging  will  be  required  in  the  near  future,  in  order  to  maintain 
the  26  feet  deep  channel  over  the  rocks  at  Schooner  Ledge. 

Mr.  Hartley. — I  wondered  whether  it  would  be  necessary  to  build  dikes  to 
keep  the  channel  clear. 

Mr.  Ott. — That  is  a  feature  of  river  improvement  which  has  not  been  par¬ 
ticularly  considered  in  connection  with  the  work  described.  A  very  large  pro¬ 
portion  of  the  material  excavated  was  of  a  very  hard  character,  upon  which  the 
natural  scour  of  the  tidal  currents  has  but  little  effect.  The  removal  of  these 
bars  of  hard  material  and  rock  has  not  only  given  immediate  relief  to  navigation, 
but  will  also  direct  the  tidal  currents  in  their  natural  function  of  scouring  the 
channel  bottoms.  Any  proposed  construction  of  dikes  has  immediately  aroused 
the  antagonism  of  riparian  owners  and  of  the  oyster ing  and  fishing  interests; 
these  interests  have  halted  the  construction  of  such  works  a  number  of  times. 

The  project  for  the  proposed  30  feet  deep  channel  in  the  Delaware  River  from 
Philadelphia  to  the  sea  was  formulated  by  a  special  Board  of  Engineer  Officers 
of  the  United  States  Army.  In  the  final  report  prepared  by  thi<  Board  in  Septem¬ 
ber,  1899,  no  dikes  were  recommended  for  the  maintenance  of  this  channel, 
except  in  certain  reaches  of  the  river  below  Fort  Delaware.  Work  has  been 
begun  under  this  project  by  the  United  States  Government. 

The  city  of  Philadelphia  is  now  engaged  in  dredging  the  26)  feet  deep  channel 
in  the  Delaware  River  near  Tinicum  Island  (a  reach  of  the  river  not  heretofore 
improved  by  dredging),  and  in  the  course  of  a  few  months  will  be  engaged  in 
dredging  a  26  feet  deep  channel  in  the  Schuylkill  River  from  ( lirard  Point  toward 
the  Walnut  Street  bridge. 

Francis  Schumann. — Is  Philadelphia  the  only  city  that  has  ever  provided 
funds  for  dredging  the  channels  in  the  river? 

Mr.  Ott. — I  believe  not.  I  have  no  exact  data  in  answer  to  this  question, 
though  I  have  been  informed  that  several  cities  on  the  Atlantic  and  Pacific 
coasts  and  in  the  basin  of  the  St.  Lawrence  River  either  maintain  dredging  plants 
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or  provide  appropriations  for  the  maintenance  and  betterment  of  their  docks, 
harbors,  and  waterways. 

I.  Wendell  Hubbard. — On  the  Jersey  shore  about  opposite  Greenwich  Point 
there  is  a  decided  filling  in.  At  the  New  York  Ship-building  Company’s  piers 
I  understand  they  had  to  dredge  out  from  9  to  10  feet,  which  material  had  filled 
in  since  last  fall.  At  the  Mellor  &  Rittenhouse  Company’s  piers,  a  short  distance 
to  the  north  of  the  shipyard,  under  my  own  supervision,  there  was  a  filling  in  of 
approximately  4  feet  in  14  months’  time  between  surveys. 

George  S.  Webster. — Wherever  the  channels  of  the  Delaware  and  Schuylkill 
Rivers  have  been  deepened  by  dredging  under  these  contracts,  navigation  of  the 
rivers  has  been  decidedly  benefited.  Even  if  deposit  should  occur  in  the  future, 
where  hard  materials,  such  as  coarse  gravel,  boulders,  and  rock,  have  been 
removed,  it  would  consist  of  soft,  light  material,  which  would  not  seriously 
interfere  with  the  passage  of  or  injure  deep-draft  vessels,  even  if  they  penetrated 
it  a  foot  or  more.  Where  such  silting  has  occurred  to  a  moderate  degree  in  the 
Schuylkill  River,  it  has  been  found  to  consist  of  soft  material. 

In  this  connection  I  would  call  attention  to  the  wisdom  of  the  Mayor  and 
Councils  of  Philadelphia,  in  requiring  that  the  materials  dredged  from  the  chan¬ 
nels  of  the  rivers  shall  be  placed  on  shore  above  high  water.  In  the  contract 
now  in  force,  for  the  work  of  dredging  the  rivers,  provision  has  been  made  for 
depositing  material  on  League  Island  Park,  a  low  piece  of  unimproved  ground 
belonging  to  the  city  of  Philadelphia,  having  an  area  of  about  three  hundred- 
acres,  and  situate  adjacent  to  League  Island  Navy  Yard.  In  order  to  develop 
and  drain  this  park  it  is  necessary  that  its  surface  be  raised  a  considerable  extent, 
the  present  surface  being  about  four  feet  below  mean  high  water. 

The  materials  which  will  be  dredged  and  placed  ashore  at  this  locality,  amount¬ 
ing  to  about  900,000  cubic  yards,  will  result  in  raising  about  one  hundred  acres 
of  the  park  approximately  five  feet,  so  that,  in  addition  to  the  benefit  to  naviga¬ 
tion  resulting  from  the  work  under  contract,  there  will  be  likewise  a  very  con¬ 
siderable  benefit  to  the  property  of  the  city  by  this  method  of  utilization  of  the 
dredged  material. 
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GENERAL  DISCUSSION  ON  THE  DISCHARGE  OF  STREAMS. 

March  1,  1902. 


John  Birkixbine. — In  view  of  the  fact  that  severe  freshets  are  at 
the  present  time  raging  throughout  this  State  and  in  various  other 
parts  of  the  country,  I  have  made  the  suggestion  that  we  devote  a  por¬ 
tion  of  the  evening  to  a  discussion  upon  the  influence  of  floods  and 
protection  from  them,  and  I  trust  that  this  discussion  may  result  in 
some  data  of  advantage  to  us  as  engineers. 

Having  just  left  a  locality  where  there  was  considerable  damage,  I 
shall  premise  my  statements  by  presenting  briefly  the  condition  of 
affairs  in  the  Lehigh  Valley,  not  because  the  freshet  was  more  disastrous 
there  than  elsewhere,  but  merely  to  indicate  from  personal  inspection 
the  conditions  which  exist. 

One  of  the  large  manufacturing  plants  on  the  Lehigh  River  above 
Easton  was  overflowed  by  a  freshet  on  December  15,  1901,  and  al¬ 
though  the  water  was  but  6  inches  above  the  general  shop  level,  material 
injury  was  done  to  the  works  and  to  machinery  in  process  of  construc¬ 
tion.  This  company  employs  some  1500  men  and  boys,  the  work  being 
largely  of  special  character,  requiring  special  tools  and  a  large  number 
of  gages,  standards,  etc.  Following  this  overflow  of  December  15th, 
the  company  consulted  me  in  reference  to  the  probabilities  of  a  recur¬ 
rence  of  such  troubles,  and  the  means,  if  any,  which  could  be  adopted 
to  protect  the  works  from  injury.  Upon  investigation  I  found  that 
the  water  in  the  Lehigh  River  had  been  higher  on  December  15,  1901, 
than  at  any  time  since  June,  1SG9;  but  yesterday  afternoon  and  last 
night,  while  at  these  same  works,  I  saw  the  water  rise  rapidly  until  the 
main  floor  was  covered  with  nearly  6  feet  of  water,  and  in  the  office 
building,  which  was  then  500  feet  from  dry  land,  the  office  floor  was 
28  inches  under  water. 

The  conditions  of  the  two  floods  were  quite  different.  Prior  to 
December  15th  a  very  warm  spell  caused  the  water  from  melting  snows 
to  run  off  rapidly  from  steep  hillsides,  until  about  19  feet  above  low 
water-mark  was  reached.  It  is  probable  that  this  freshet  would  have 
been  more  severe  but  for  a  rapid  fall  of  temperature,  which  checked 


General  Discussion  on  the  Discharge  of  Streams. 


206 


the  flow  from  thousands  of  small  tributaries,  but  its  height  was  some¬ 
what  influenced  by  the  coincidence  of  the  crests  of  the  freshet  in  the 
Delaware  and  Lehigh  Rivers. 

The  freshet  which  reached  its  maximum  yesterday  was  due  to  a  warm 
wind  accompanied  by  a  heavy  downpour  of  rain,  which  assisted  in 
cutting  away  the  balance  of  the  snow  remaining,  and  this  snow  having 
fallen  upon  frozen  ground,  there  was  little  opportunity  for  it  to  per¬ 
colate,  and  the  rain  and  melting  snow  together  caused  the  water  to  rise 
more  than  25  feet,  and  in  12  hours  I  watched  this  rise  of  the  river  until 
in  the  interval  it  covered  probably  22  feet. 

The  proposition  presented  to  me  was  whether  the  company  would 
be  justified  in  retaining  the  works  in  their  present  position,  and  if  so, 
to  what  extent  could  these  works  be  protected  from  future  freshets? 

The  property  has  a  stretch  of  1700  feet  along  the  Lehigh  River  and 
extends  from  200  to  700  feet  back  to  the  hills.  A  barrier  at  the  upper 
or  narrow  end,  and  which  could  be  extended  part  or  all  the  way  along 
the  river,  would  prevent  injury  from  ice  and  floating  material  which 
was  carried  down  the  river,  but  unless  the  entire  works  was  placed  in 
a  practically  hermetically  sealed  inclosure  which  extended  above  the 
rise  of  the  water,  this  inclosure  being  carried  down  to  impervious 
stratum,  the  backing  up  of  water  from  freshets  would  undoubtedly 
overflow  them. 

While  the  freshet  was  prevailing  yesterday  I  had  some  measurements 
made.  It  was  impossible  to  get  the  velocity  at  midstream,  but  objects 
were  timed  in  passing  given  distances  and  until  the  water  had  reached 
a  level  of  about  16  feet,  when  the  position  of  observation  had  to  be 
abandoned,  and  night  coming  on  prevented  definite  determinations; 
but  with  the  16  or  17  feet  above  low  water  the  surface  velocity  would 
range  from  7  to  8  miles  per  hour,  and  I  doubt  whether,  when  the  river 
was  at  its  highest,  this  velocity  exceeded  10  miles  per  hour.  There 
was  not  sufficient  declivity  in  the  stream  itself  to  encourage  a  more 
rapid  rate  than  this,  and  often  the  statement  about  a  river  running 
as  rapidly  as  a  train  could  follow  the  rails  is  more  imaginative  than  real. 
The  discharge  of  the  Lehigh  River  at  the  freshet  of  yesterday  was  not 
interfered  with  by  the  Delaware  River,  as  the  crests  did  not  coincide. 

As  I  left  Phillipsburg  this  afternoon  the  Lehigh  River  had  fallen  con¬ 
siderably  and  the  Delaware  was  rising  so  that  the  Lehigh  dam,  which 
is  24  feet  in  height,  was  not  in  evidence,  being  covered  by  probably  10 
feet  of  water. 

[Note. — I  was  informed  that  subsequently  to  my  departure  the  con- 
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tinued^rise  in  the  Delaware  was  sufficient  to  overcome  the  decreased 
water  level  in  the  Lehigh  River,  and  that  the  obstruction  resulting 
from  this  caused  the  Lehigh  water  to  back  up  so  that  on  Sunday 
morning  the  floors  of  the  buildings  were  again  flooded  to  a  height 
approximately  the  same  as  the  freshet  of  l)eceml>er  15.  1901,  although 
about  noon  I  had  passed  entirely  through  these  buildings  and  tin*  water 
was  absent  from  all  but  the  extremely  low  points  of  the  projx-rty.] 

Another  remarkable  thing  about  the  freshet  just  passing  is  that 
two  days  before  there  had  been  arise  in  the  river  of  about  11  feet, 
so  that  in  six  weeks  this  river  had  really  had  three  freshets,  one  of 
19  feet  above  low  water,  one  of  11  feet,  and  one  of  26  feet.  Had  the 
flood  of  11  feet  a  few  days  ago  coincided  with  the  run-off  of  voter- 
day,  it  is  probable  that  the  damage  would  have  been  even  greater. 

The  other  freshets  of  which  record  has  been  obtained,  in  June, 
1862,  and  June,  1869,  were  both  due  directly  to  enormous  deposits 
of  rain.  The  freshet  of  December  15,  1901,  and  also  that  in  the 
early  part  of  the  week  and  that  now  subsiding,  were  due  to  the  melting 
of  snows,  and  the  latter  supplemented  by  a  heavy  rain  and  warm  wind. 
The  snow  having  fallen  on  frozen  ground  made  its  run-off  much  more 
rapid.  There  was  little  debris  in  the  river,  and  beyond  a  few  occa¬ 
sional  timbers,  parts  of  trees,  and  a  large  amount  of  broken  ice,  the 
stream  carried  sand,  coal  dirt,  and  mud. 

At  Glendon,  2  miles  above  Easton,  is  an  old  bridge  whose  failure 
was  predicted  early  in  the  evening,  and  although  it  received  damage, 
this  old  wooden  structure  still  remains,  while  at  Easton  a  railroad 
bridge  was  practically  destroyed.  The  center  pier  of  the  bridge  of  the 
Lehigh  Coal  and  Navigation  Company’s  road  failed,  and  one  of  the 
trusses  went  into  the  stream,  the  other  truss  dropping  a  few  inches 
upon  the  structural  work  of  a  wagon  bridge  which  passes  diagonally 
under  the  railroad  bridge.  I  have  no  knowledge  as  to  tin*  construction 
of  the  pier,  but  was  informed  by  a  local  engineer  that  it  rested  upon  a 
crib  and  that  the  outer  surface  was  made  of  fairly  large  stones,  but  the 
inner  portion  was  filled  with  small  stones. 

The  discharge  of  the  Lehigh  River  in  the  freshet  of  1862  was  esti¬ 
mated  at  93,000  cubic  feet  per  second,  and  that  of  1869  as  87.000  feet 
per  second;  with  a  drainage  basin  of  1340  square  miles,  a  run-off  of  70 
cubic  feet  per  square  mile  is  represented  bv  the  maximum.  This, 
of  course,  is  a  large  run-off,  but  it  is  relatively  small  when  compared 
with  that  determined  bv  the  Committee  of  the  American  Societv  of 
Civil  Engineers,  which  reported  on  the  South  Fork  Dam.  Here,  from  a 
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drainage  basin  of  48.6  square  miles,  10,000  cubic  feet  of  water  per 
second  were  estimated  as  entering  the  dam,  which  would  be  over  200 
cubic  feet  per  square  mile  per  second.  It  is  the  South  Fork  Dam  that 
is  blamed  with  the  destruction  of  Johnstown.  In  point  of  fact,  the 
dam  structure  is  evidence  of  what  may  be  considered  a  good,  sub¬ 
stantial  earthen  dam,  but  unfortunately  the  spillway  of  this  dam 
was  reduced  to  less  than  half  of  that  originally  planned,  and  when  the 
water  passed  over  the  top  of  the  earthen  structure,  it  was  cut  away, 
although  it  took  some  four  hours  before  this  was  entirely  accomplished. 

Another  comparison  may  be  made  with  the  Austin  Dam,  which,  you 
remember,  was  a  masonry  structure  60  feet  high,  whose  destruction 
is  believed  to  have  resulted  from  the  undercut  or  back-lash  of  the  water 
beyond  the  toe.  When  this  masonry  dam  was  destroyed,  two  sections, 
each  about  250  feet  long,  moved  bodily  down-stream  about  60  feet; 
and  one  of  the  sections,  although  having  a  base  but  slightly  greater 
than  its  height,  remained  in  a  vertical  position  for  some  time.  From 
the  total  drainage  area  of  the  Colorado  River,  upon  which  the  Austin 
Dam  was  located,  the  run-off  per  square  mile  was  at  the  rate  of  but 
6  feet  per  second.  With  this  opening  of  500  feet  by  60  feet  in  the 
Austin  Dam,  the  pool  containing  1,200,000,000  cubic  feet  of  water  was 
four  hours,  practically,  in  emptying  itself  because  of  its  great  length; 
whereas  the  South  Fork  embankment,  after  it  was  cut  through,  emptied 
485,000,000  cubic  feet  from  the  pool  in  three-quarters  of  an  hour. 

The  South  Fork  Dam  has  received  the  credit,  or  discredit,  of  the 
entire  damage  to  Johnstown.  It  must  be  remembered  that  in  the 
morning  of  May  30,  1889,  the  business  portion  of  the  city  of  Johns¬ 
town  was  under  5  or  6  feet  of  water  from  the  adjacent  streams,  which 
had  overflowed  their  banks;  the  South  Fork  Dam  gave  way  in  the 
afternoon,  and  its  destruction  was  possibly  assisted  by  efforts  to  pro¬ 
tect  it.  In  making  this  statement  there  is  no  wish  to  reflect  upon 
those  who  did  what  most  of  us  would  have  done  under  similar  circum¬ 
stances — namely,  dig  a  furrow  across  the  top  of  the  embankment  and 
throw  up  material,  in  the  expectation  that  the  water  would  not  rise 
beyond  this ;  but  when  the  water  did  get  over  this  temporary  obstruc¬ 
tion,  it  moved  it  away  and  had  a  tendency  to  cut  the  embankment 
more  rapidly. 

It  is  probable  that  about  2  inches  of  rain  fell  during  the  late  storm, 
whereas  the  drainage  basin  of  the  South  Fork  received  from  6  inches 
to  8  inches  in  three  days.  Notwithstanding  this  enormous  rainfall  and 
the  severe  freshet  resulting  from  it,  the  contemporaneous  damage  was 
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greater  upon  streams  rising  on  the  eastern  flank  of  the  Allegheny  Moun¬ 
tains  than  upon  those  of  the  western  flank  upon  which  Johnstown  is 
situated.  Few  bridges  were  destroyed  upon  the  Conemaugh  and  the 
streams  below  it,  while  practically  even’  bridge  on  the  Juniata,  and 
many  on  other  tributaries  of  the  Susquehanna,  succumbed  to  high 
water. 

In  an  investigation  that  our  fellow-member,  Mr.  Schermerhorn, 
made,  he  gives  a  rainfall  at  that  time,  on  the  West  Branch  of  the  Sus¬ 
quehanna,  of  6  inches  in  thirty  hours. 

Fortunately,  these  terrific  deposits  of  rain  occur  at  long  intervals; 
and,  as  a  rule,  the  more  severe  they  are,  the  shorter  their  duration 
and  the  smaller  area  they  cover. 

You  will  recall  a  very  severe  storm  in  Philadelphia,  which  I  believe 
is  credited  as  not  having  been  exceeded  by  the  Government  records, 
when  in  an  hour  and  forty  minutes  5.4  inches  of  rain  fell.  This  phe¬ 
nomenal  storm  forced  the  water  out  of  closets  and  basins  in  the  second 
stories  on  Market  Street,  blew  off  manholes  from  sewers,  etc.,  but  Mr. 
Codman,  in  discussing  the  subject,  stated  that  it  covered  less  than  20 
square  miles  of  the  city  area,  while  over  the  balance  of  the  city  and 
adjacent  territory  there  was  nothing  but  an  ordinary  heavy  summer 
storm.  However,  we  can  have  storms  in  which  1  inch  or  more  of  rain 
is  deposited  on  a  number  of  successive  days  over  a  large  extent  of  terri¬ 
tory,  and  such  continuous  rain  always  results  in  severe  freshets,  be¬ 
cause,  even  with  favorable  circumstances  of  dry  and  open  soil,  the 
latter  portion  of  the  rain  is  largely  run-off,  the  soil  becoming  filled  to  its 
capacity.  The  storm  which  accompanied  the  disaster  at  Johnstown 
covered  a  belt  of  100  or  more  miles  in  width  and  passed  through  several 
States,  and  the  conditions  which  have  existed  in  the  last  few  days  were 
probably  a  repetition,  at  least  in  extent,  of  these,  but  the  freshet  of 
December  15,  1901,  was  confined  to  a  practically  small  area.  Formu¬ 
lating  an  estimate  based  upon  a  rainfall  of  2  inches  in  a  day,  and  allow¬ 
ing  half  of  this  as  run-off,  we  see  what  an  enormous  amount  of  water 
results  from  a  large  drainage  basin;  but  if  such  downpours  as  those 
recorded  in  Philadelphia,  5.4  inches  in  less  than  two  hours,  were  to 
extend  over  any  considerable  territory,  we  cannot  appreciate  what 
terrific  damage  would  be  done. 

The  commission  given  to  me  to  advise  a  manufacturing  concern  as 
to  retaining  its  present  position  in  view  of  future  damage,  or  protecting 
the  plant  from  injury,  covers  a  wider  field  than  mere  choice  of  loca¬ 
tion.  It  is  certainly  discouraging  to  stand  upon  the  charging  floor 
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for  a  cupola  and  see  a  current  of  water  4  or  5  feet  deep  raging  through 
a  foundry,  or  to  have  finished  material  of  delicate  workmanship  and 
fine  tools  covered  with  water  which  leaves  a  deposit  of  sticky  mud 
and  grit  in  the  machine  shop,  or  to  have  the  systematic  records  in 
the  office  blurred  or  destroyed,  and  the  natural  inclination  would  be 
to  get  to  the  high  ground.  It  is  difficult  to  estimate  the  damage  to 
such  a  works  from  an  overflow  similar  to  that  described.  It  embraces 
the  cleaning  up  and  re-establishment  of  normal  conditions,  the  loss  of 
time,  and  the  subsequent  damage  to  tools  and  appliances. 

It  has  been  my  privilege  to  have  watched  a  number  of  freshets,  and 
to  have  kept  records  of  these,  but  I  have  never  seen  an  important  river 
rise  with  such  persistent  rapidity  and  with  so  little  apparent  expecta¬ 
tion  of  a  heavy  freshet.  The  telegraphs  and  telephones  were  out  of 
service,  railroads  were  crippled,  and  all  industries  seriously  affected. 
There  were  rumors  of  numerous  dams  giving  way  and  bridges  being 
destroyed  further  up  the  stream,  but  none  of  these,  as  far  as  I  know, 
were  verified. 

It  is  apparently  fortunate  that  in  the  Lehigh  River  the  freshet  of 
11  feet  earlier  in  the  week  did  not  coincide  with  that  of  vesterdav,  for 
otherwise  the  water  would  have  done  still  greater  damage. 

Concerning  the  apparent  surface  velocity  of  streams  when  in  freshet, 
it  is  probable  that  an  appreciation  of  this  velocity  is  largely  influenced 
by  the  position  the  observer  view's  the  w'ater  from.  Standing  on  a 
bridge  and  w'atching  the  debris  go  by,  the  motion  is  apparently  greatly 
accelerated,  and  the  speed  with  which  floating  materials  pass  down  the 
stream,  even  wffien  viewed  from  the  shore,  seems  much  greater  than 
is  really  the  case.  To  appreciate  the  velocity  of  streams  I  wnuld  recall 
to  ou  a  statement  made  when  presenting  the  project  of  improving 
the  Niagara  River  gorge  for  w'ater-pow'er,  which  was  to  the  effect  that 
casks  dropped  from  the  Suspension  Bridge  were  timed,  and  it  w'as 
found,  that  in  the  .mile  from  this  bridge  to  the  Whirlpool,  they  indi¬ 
cated  approximately  a  midstream  surface  velocity  at  the  rate  of  211- 
miles  per  hour,  and  that  for  a  portion  of  the  distance  their  speed  w'as 
25J  miles  per  hour.  When  structures  have  to  be  erected  to  with¬ 
stand  such  a  velocity  of  current,  the  conditions  winch  beset  the 
engineer  are  serious;  but  the  possibility  of  overflow7  and  damage 
must  enter  into  all  calculations  of  structures  located  along  the  sides 
of  streams  winch  are  apt  to  become  torrential  or  subject  to  great 
freshet  variations. 

L.  Y.  Schermerhorx. — In  1895  Col.  C.  W.  Raymond  and  I  sub- 
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mitted  a  report  to  the  citizens  of  Williamsport,  Pa.,  on  the  subject  of 
the  protection  of  their  city  against  the  floods  of  the  West  Branch  of 
the  Susquehanna  River,  such  as  occurred  in  18S9  and  1894.  Some 
of  the  details  of  these  floods  and  the  suggestions  made  in  our  report 
may  be  of  interest  in  the  present  discussion. 

The  flood  of  1889  exceeded  that  of  1894  by  about  2  f«*et  in  height 
in  front  of  the  city,  attaining  elevations  of  from  23  to  30  feet  above 
the  ordinary  low-water  stage  of  the  river.  Since  the  flood  of  1889 
exceeded  all  others  known,  its  height  was  assumed  as  the  maximum 
against  which  protection  was  required.  During  the  flood  of  1889  tin* 
water  was  15  feet  deep  over  the  lower  part  of  the  city. 

High  water-marks  covering  about  12  miles  of  river  above,  at.  and 
below  Williamsport  were  obtained,  and  connected  by  a  line  of  levels. 
These  levels  indicated  that  the  surface  slope  of  the  flood  varied  from 
0.5  to  3.85  feet  per  mile,  with  a  slope  directly  in  front  of  the  city  of  about 
3  feet  per  mile. 

The  area  of  watershed  discharging  at  Williamsport  was  about 
4500  square  miles,  and  during  the  flood  of  1889  over  6  inches  of  rain¬ 
fall  occurred  in  thirty-four  hours.  This  resulted  in  a  discharge  at 
Williamsport,  during  the  maximum  stage  of  the  flood,  of  about  300,- 
000  cubic  feet  per  second;  or  nearly  400  times  the  low-water  discharge 
of  the  river.  This  volume  of  discharge  exceeds  by  over  25  per  cent, 
the  water  passing  over  Niagara  Falls  during  ordinary  stages.  The 
normal  width  of  the  river  at  Williamsport  was  about  1000  feet,  but 
during  the  flood  of  1889  its  width  was  increased  to  nearly  7000  feet. 

From  observations  taken  while  the  river  was  at  its  maximum 
height,  the  current  in  front  of  Williamsport  had  a  velocity  of  about 
7  miles  per  hour. 

Two  highway  bridges  and  one  railroad  bridge  cross  the  river  at  this 
locality,  and  it  was  found  that  the  approaches  and  piers  of  these 
bridges  encroached  from  20  to  30  per  cent,  upon  the  normal  cross- 
section  of  the  river;  in  addition  to  this,  a  dam  and  log  booms  further 
interfered  greatly  with  the  flood  discharge  of  the  river. 

The  plan  which  was  recommended  for  protection  against  floods 
provided  for  the  restoration,  as  far  as  possible,  of  the  normal  cross- 
section  of  the  river,  and  the  construction  of  embankments  along 
the  city  front,  to  confine  the  flood  discharge  of  the  river,  provision 
being  made  to  take  care  of  rainfall  and  sewage  upon  the  impounded 
city  areas  by  pumping  during  such  time  as  the  river  was  in  flood. 
The  entire  cost  of  the  project  was  about  $800,000. 
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The  destruction  of  the  forests  upon  the  mountain  slopes  of  our 
watersheds  is  the  principal  cause  of  the  increase  in  flood  volumes. 
The  deforesting  of  the  watershed  of  the  West  Branch  of  the  Susque¬ 
hanna  has  been  very  great,  and  by  experts  has  been  estimated  to  have 
exceeded  5,250,000,000  feet  board  measure  in  the  last  forty  years. 
This  approximately  represents  about  30,000,000  trees.  In  the  year 
18S0  the  timber  on  700,000  acres  of  land  in  Pennsylvania  was  destroyed 
by  fire. 

An  eminent  authority  affirms  that  four-fifths  of  the  precipitation  in 
forests  is  detained  by  the  surface  of  the  ground,  to  be  gradually  given 
up  to  springs  and  lines  of  drainage,  and  only  one-fifth  delivered  to 
the  rivers  rapidly  enough  to  create  floods.  Upon  the  same  slopes 
denuded  of  forests  the  proportions  may  easily  be  reversed. 

While  the  construction  of  barriers,  in  front  of  large  communities, 
for  the  exclusion  of  floods  from  rivers  is  practicable,  it  can,  neverthe¬ 
less,  only  be  applied  in  isolated  cases,  on  account  of  its  great  cost. 
For  a  broad  solution  of  the  problem  recourse  must  be  had  to  the 
restoration  of  forests  upon  the  watersheds  of  rivers  liable  to  dangerous 
floods,  with  an  effort  to  hold  back  the  rapid  discharge  of  water  from 
the  drainage  areas,  thereby  reducing  the  maximum  discharge  and 
consequent  height  of  floods  by  giving  the  main  recipients  of  the 
watershed  a  longer  time  in  which  to  discharge  the  rainfall.  The 
latter  part  of  such  a  plan  begins  at  the  fountain  head  of  all  lines  of 
drainage  discharge,  and  thence  continues  to  the  main  affluent. 

This  system  of  holding  back  the  rapid  discharge  of  rainfall  from 
watersheds,  in  connection  with  the  restoration  of  forests  on  the  moun¬ 
tain  slopes,  involves  the  checking  of  the  rapid  run-off  in  brooks  and 
small  streams,  by  means  of  small  porous  dams ;  and  in  larger  affluents 
by  the  use  of  permeable  rock  clams  which,  while  temporarily  creating 
small  reservoirs,  nevertheless  permit  the  water,  by  percolation  through 
these  barriers,  to  be  slowly  drained  from  the  impounding  areas.  By 
these  means  the  rainfall  is  held  back  for  rapidly  reaching  the  main 
lines  of  drainage,  and  thereby  heavy  floods  prevented.  Such  systems 
are  already  in  operation  in  France,  Germany,  and  Italy,  and  experience 
has  demonstrated  their  practicability. 

John  E.  Codman. — I  am  not  prepared  to  speak  on  this  subject 
to-night,  but  will  endeavor  to  give  a  general  idea  of  statistics,  which  I 
will  afterward  correct  from  recorded  data.  Yesterday  morning  I 
went  to  the  hydrographic  gage  at  the  Forks  of  the  Xeshaminy,  about 
27  miles  from  Philadelphia.  The  gage  registered  at  that  time,  11.45 
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a.  m.,  about  5  feet  of  water.  Rain  began  to  fall  lightly  very  near 
12.30  p.  m.  There  was  a  heavy  shower  for  perhaps  15  minutes,  about 
20  minutes  past  1.  The  rain  slacked  up  for  a  few  moments,  followed 
by  another  shower  of  perhaps  15  minutes.  About  2  o’clock  there  was 
a  very  heavy  rain,  amounting  to  0.80  in  40  minutes,  accompanied 
by  distant  thunder  and  one  or  two  flashes  of  lightning.  Bv  3  o’clock 
the  creek  had  risen  something  like  G  to  8  feet,  and  it  appeared  as  though 
all  the  rain  ran  from  the  ground  immediately  into  the  creek.  The 
ground  was  frozen,  with  the  exception  of  perhaps  1A  inches  on  the 
surface,  which  was  soft  mud.  Between  3  and  4  o’clock  p.  m.  the  rain 
nearly  ceased,  but  continued  to  fall  until  nearly  6  p.  m.  The  total  rain¬ 
fall  was  1.32  inches.  The  last  observation  I  made  was  at  7  o’clock; 
after  that  the  creek  rose  about  6  or  8  inches.  It  had  then,  in  about 
6  hours,  risen,  as  nearly  as  I  could  judge,  over  16  feet  on  the  gage,  and 
flooded  over  meadows  and  roads.  The  width  of  the  creek,  at  the 
extreme  height  of  the  flood,  was,  I  suppose,  nearly  J  of  a  mile.  The 
amount  of  rainfall,  by  the  gage,  was  1.32  inches,  and  the  Weather 
Bureau  reported,  in  this  city/  1.37  inches.  The  quantity  of  water 
that  1.32  inches  of  rainfall  would  produce,  on  the  area  of  the  Xeshaminy 
watershed,  139,359  miles,  would  be  427,181,000  cubic  feet.  The 
computation  from  the  stream  flow  curve  of  this  creek  shows  the 
quantity  of  water  flowing  away,  due  directly  to  the  storm,  to  be 
323,334,000  cubic  feet,  or  nearly  all  the  rainfall.  This  computation  is 
made  from  the  observed  height  of  water  on  the  gage  when  the  stream 
began  to  rise  till  it  subsided  to  the  same  point  again,  a  period  of  22 
hours.  The  flow  in  cubic  feet  per  second,  for  this  period  of  time,  was 
408.25  cubic  feet;  the  flow  in  cubic  feet  per  second,  for  the  2  hours  of 
extreme  height  of  the  creek,  was  10,450  cubic  feet.  The  flow  in  cubic 
feet  per  second  per  square  mile  of  watershed,  for  the  whole  period  of 
flood  flow,  was  29.3  cubic  feet.  The  flow  in  cubic  feet  per  second  per 
square  mile  of  watershed,  at  the  extreme  height  of  the  creek,  was 
75.2  cubic  feet. 

The  flow  of  the  Perkiomen  Creek,  from  the  time  the  creek  began  to 
rise  until  it  subsided  again  to  the  same  point,  a  period  of  28  hours  of 
flood  flow,  was  35.7  cubic  feet  per  second  per  square  mile  of  watershed ; 
and  for  2  hours  of  extreme  height,  105.4  cubic  feet  per  square  mile. 
This  is  not  the  total  flow  of  the  stream,  being  only  that  resulting  from 
the  previous  rainfall. 

From  measurements  made  at  Fairmount  Dam,  on  the  Schuylkill,  I 
found  the  extreme  height  to  be  112  inches  over  the  crest  of  the  dam. 
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The  formula  used  for  the  flow  over  the  dam  gives  108,755  cubic  feet  per 
second. 

The  Neshaminy  Creek  was  found  to  give  75.2  cubic  feet  per  second 
per  square  mile  of  area  at  the  extreme  height.  Using  this  quantity 
for  1915  square  miles,  the  area  of  the  Schuylkill  watershed,  above 
Fairmount  Dam,  I  obtain  144,000  cubic  feet  per  second,  or  35,245 
cubic  feet  less  than  the  smaller  streams.  This  is  due  to  the  much 
longer  flood  volume  of  the  larger  stream,  which  will  continue  at  a  flood 
flow  for  36  to  48  hours  after  the  smaller  streams  have  subsided,  or 
about  2  or  3  times  as  long  at  the  extreme  height.  The  yearly  compu¬ 
tation  of  the  flow  of  the  Schuylkill  in  inches  of  rainfall,  compared  with 
the  computation  of  the  smaller  streams,  approximates  nearly  the 
same  amount.  It  must  be  admitted  that  the  flood  flow  computations 
are  approximate,  but  they  show  how  large  a  proportion  of  rainfall  will 
run  off  the  surface  of  the  ground  under  certain  conditions,  producing 
flood  flow  in  the  natural  watercourses. 

In  1895  a  February  storm  occurred,  similar  to  this  one,  when  the 
ground  was  frozen.  There  was  more  rain  than  at  this  time,  and  the 
Perkiomen  and  Neshaminy  Creeks  rose  to  nearly  21  feet  on  the  gages. 
Nearly  all  the  water  at  that  time  passed  into  the  creeks.  In  storms 
when  the  ground  is  not  frozen  the  run-off  rarely  ever  reaches  more  than 
one-half  the  rainfall,  unless  the  ground  storage  is  full.  There  are  times 
when  a  heavy  rain  follows  another  and  the  ground  storage  becomes 
so  full  of  water  that  a  larger  part  of  it  will  run  off  into  the  streams. 

Mr.  Birkinbine. — It  may  be  interesting  to  present  the  relative 
position  of  the  South  Fork  Dam  and  Johnstown.  This  dam  was 
erected  across  a  tributary  of  the  Conemaugh,  and  this  tortuous  stream 
joined  with  the  Stony  Creek  just  above  the  railroad  bridge  which  has 
become  famous  as  having  caught  the  debris  from  the  rush  of  waters. 
(See  Fig.  1.) 

In  answer  to  the  suggestion  that  a  works  located  where  it  is  subject 
to  overflow  should  move,  I  would  reply  that  there  are  other  considera¬ 
tions  besides  freshet  or  fire,  which  occur  at  long  or  irregular  intervals, 
to  affect  an  industry.  The  supply  of  labor  is  a  most  important  one  to 
industries  such  as  I  have  described,  and  the  same  reason  that  holds 
the  Baldwin  Locomotive  Works,  William  Sellers  &  Co.,  and  the  South¬ 
wark  Foundry  and  Machine  Co.  to  congested  locations  in  a  populous 
and  otherwise  desirable  section  of  the  city  holds  good,  for  the}r  can  have 
at  command  or  can  discharge  a  large  force  of  workmen  without  serious 


inconvenience. 


General  Discussion  on  the  Discharge  of  Streams. 


215 


216 


General  Discussion  on  the  Discharge  of  Streams. 


I  heaitily  indorse  what  Mr.  Schermerhorn  has  said  in  regard  to  the 
necessity  of  forest  protection  upon  the  headwaters  of  our  streams. 
You  knowing  my  sentiments  in  regard  to  this,  I  need  say  no  more. 

In  reference  to  a  dam  of  loose  rock,  it  will  be  interesting  to  advise 
you  that  such  a  dam  was  planned  in  connection  with  the  water-supply 
of  Denver,  Colorado.  A  steel  face  was  constructed  across  a  narrow 
canon,  this  steel  structure  being  backed  up  with  masses  of  loose  rock 
blown  from  the  canon  side.  While  in  course  of  construction  and  before 
the  by-passes  were  completed,  an  unusually  heavy  rain-storm  caused 
a  large  amount  of  water  to  flow  into  the  stream,  which  was  also  re¬ 
ceiving  its  full  complement  from  the  melting  snows  on  the  mountains, 
with  the  result  that,  although  thq  steel  plate  was  but  little  damaged, 
a  large  quantity  of  the  stone,  which  was  in  advance  of  the  steel  plate, 
was  carried  away  to  an  extent  that  discouraged  the  effort,  and  a 
masonry  dam  is  now  being  constructed  in  place  of  it. 

In  the  Rocky  Mountains  the  streams  are  affected  either  by  severe 
summer  storms  or  hy  the  run-off  from  snows  deposited  during  the 
winter,  and  the  rate  of  melting  of  the  snow  is  very  largely  influenced 
by  the  character  and  the  time  of  its  deposit.  If  the  snow  falls  early  in 
the  season  and  becomes  compact,  or  if  it  melts  in  part  and  then  freezes, 
it  remains  intact  much  longer  than  snow  which  falls  later  in  the  season, 
or  which,  if  light,  blows  off  readily.  With  compact  snow,  either  on  the 
summits  or  in  the  gulches,  the  run-off  of  the  streams  is  less  liable  to  be 
seriously  reduced  by  warm  weather  than  when  the  snow  is  lighter. 

The  fact  that  dams  such  as  the  South  Fork  and  Austin  have  given 
way  naturally  arouses  interest  on  the  part  of  those  who  are  located 
below  structures  erected  to  hold  back  waters,  either  as  impounding 
dams  or  as  mill  dams;  but  when  we  consider  how  many  of  these  there 
are  in  existence  and  how  few  have  failed,  the  fact  that  the  construction 
of  substantial  dams  is  not  a  lost  art  is  evident.  All  can  remember 
dams  which  have  been  in  use  for  many  years,  and  some  of  them  with 
but  little  or  no  attention,  and  the  failures  of  such  dams  as  are  recorded 
can  be  traced  to  a  few  causes :  In  an  earthen  embankment,  a  deficiencv 
in  spillway  or  some  defect  in  the  supply  or  discharge  connections. 
In  masonry  or  timber  dams,  over  the  crests  of  which  the  water  flows, 
undercutting  of  the  foundation  or  damage  due  to  the  crest  by  ice, 
which,  if  not  corrected,  give  opportunity  for  destruction.  Where 
timber  or  wooden  sheathed  dams  are  intermittently  exposed  to  the 
sun  and  the  water  drained  below  the  crest,  they  are  apt  to  rot,  and  this 
jeopardizes  their  integrity. 
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Regular  Meeting,  January  4,  1902. — The  President  in  the  chair.  Fifty- 
three  members  and  seven  visitors  present. 

Dr.  S.  W.  Stratton  read  a  paper  upon  “The  Relation  of  the  National  Bureau 
of  Standards  to  Engineering  and  Manufacturing  Interests.”  The  subject  was 
discussed  by  Messrs.  James  Christie,  Jesse  Pawling,  Jr.,  Carl  Hering,  Henry  G. 
Morris,  Henry  Letfmann,  Geo.  M.  Sinclair,  Win.  C.  Eglin,  A.  B.  Eddowes,  and  P. 
J.  A.  Maignen. 

Annual  Meeting,  January  18,  1902. — Vice-President  Scherinerhorn  in  the 
chair.  Seventy-seven  members  and  six  visitors  present. 

The  annual  report  of  the  Board  of  Directors  and  that  of  the  Treasurer  were 
presented  and,  upon  motion,  were  approved  to  be  filed. 

In  accordance  with  the  requirements  of  Article  vii,  Section  2,  of  the  By-Laws, 
the  Treasurer  reported  the  names  of  one  associate  and  three  active  member- 
stricken  from  the  rolls  on  December  31,  1901,  for  arrears  in  dues  to  the  Club. 

Mr.  Carl  Hering  presented  a  preamble  and  two  resolutions,  and  accepted  an 
amended  form,  offered  by  Professor  Rondinella,  containing  three  preamble-  anil 
a  resolution,  setting  forth  the  advantages  of  the  metric  system  as  the  standard  for 
the  United  States,  and  urging  the  Philadelphia  members  of  Congress  to  advocate 
its  adoption  within  a  reasonable  time.  The  subject  was  fully  discussed  by  Messrs. 
A.  Falkenau,  S.  G.  Comfort,  Walter  L.  Webb,  George  M.  Sinclair,  Francis  Schu¬ 
mann,  L.  F.  Rondinella,  and  Win.  Copeland  Furber,  and,  upon  motion,  the  pre¬ 
ambles  and  resolution  were  laid  upon  the  table. 

Dr.  Henry  Leffmann,  retiring  President,  being  absent,  his  address  on  the  sub¬ 
ject  of  “  Ancient  Metallurgy”  was  read  by  the  Secretary. 

The  Tellers  reported  the  election  of  the  following  officers  for  1902:  President, 
Henry  J.  Hartley;  Vice-President,  Silas  G.  Comfort  ;  Secretary^  L.  F.  Rondinella; 
Treasurer,  George  T.  Gwilliain;  Directors,  Charles  Hewitt,  Thos.  C.  McBride,  and 
H.  K.  Myers. 

On  behalf  of  the  retiring  President,  Mr.  Scherinerhorn  thanked  the  Club  for  the 
courtesy  accorded  to  him  in  the  administration  of  his  office,  anti  introduced  the 
new  President,  Mr.  Henry  J.  Hartley.  Mr.  Hartley  acknowledged  the  honor 
done  him  by  election  to  the  presidency,  and  pledged  his  best  effort  for  his  term  of 

office. 

Business  Meeting,  February  1,  1902. — The  President  in  the  chair,  l  ifty- 
two  members  and  six  visitors  present. 

The  President  appointed  a  committee  of  three  to  draft  and  present  to  the  Club, 
for  consideration  at  its  next  business  meeting,  resolutions  indorsing  the  setting 
apart  of  forest  reserves  in  general  and  of  the  one  proposed  to  be  established  in  the 
Southern  Appalachian  Mountains  in  particular. 

Mr.  C.  H.  Ott  read  a  paper  upon  “Improvement  of  the  Channels  of  the  Dela¬ 
ware  and  Schuylkill  Rivers  b)r  the  City  of  Philadelphia.”  The  subject  was  dis- 
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cussed  by  Messrs.  L.  Y.  Schermerhorn,  George  B.  Hartley,  Geo.  S.  Webster,  and 
others. 

The  Tellers  reported  the  election  of  Messrs.  Frank  T.  Weiler,  Houston  Dunn, 
and  Wm.  C.  Kerr  to  active,  associate,  and  junior  membership  respectively. 

Business  Meeting,  February  15,  1902. — The  President  in  the  chair.  Sixty- 
two  members  and  eleven  visitors  present. 

The  death  of  F.  H.  Bowen  was  announced. 

The  Secretary  reported  that  the  Board  of  Directors  had  appointed  Mr.  Horatio 
A.  Foster  a  Director  to  fill  the  unexpired  term  of  Professor  Silas  G.  Comfort,  who 
was  recently  elected  to  a  vice-presidency. 

The  following  resolutions  were  adopted : 

“  Resolved ,  That  The  Engineers’  Club  of  Philadelphia  approves  of  the  plan  of 
setting  apart  certain  areas  as  and  for  forest  reserves,  in  which  the  methods  of 
scientific  forestry  may  be  exemplified,  and  also  conservation  of  water-supply  and 
important  natural  conditions  be  secured ;  and  further, 

“  Resolved,  That  the  Club  approves  especially  the  plan  to  establish  a  national 
forest  reserve  in  the  Southern  Appalachian  region,  in  accordance  with  the  provi¬ 
sions  of  the  bill  for  that  purpose,  introduced  by  Senator  Prichard,  and  now  pend¬ 
ing  in  the  Congress  of  the  United  States.” 

Mr.  William  H.  Berry  presented  a  paper  upon  “  Superheated  Steam.”  The 
subject  was  discussed  by  Messrs.  H.  W.  Spangler,  James  Christie,  Henry  J.  Hart¬ 
ley,  and  others. 

The  Tellers  reported  the  election  of  Messrs.  Herbert  T.  Grantham,  Harry  M. 
Hillegass,  and  Wilmer  M.  Webb  to  active  membership,  and  Messrs.  F.  S.  Clark, 
Jos.  M.  Herr,  and  H.  W.  Nelson  to  junior  membership. 

Regular  Meeting,  March  1,  1902. — Vice-President  Comfort  in  the  chair. 
Sixty-three  members  and  fifteen  visitors  present. 

Mr.  John  Birkinbine  opened  a  discussion  upon  the  influence  of  flood  conditions 
in  stream  discharge,  which  was  participated  in  by  Messrs.  L.  Y.  Schermerhorn, 
John  E.  Codman,  E.  M.  Nichols,  and  others. 

Regular  Meeting,  March  15,  1902. — President  Hartley  in  the  chair.  Forty- 
five  members  and  eleven  visitors  present. 

Mr.  Wm.  Copeland  Furber  presented  a  paper  upon  “The  Recent  Conflagration 
at  Paterson,  N.  J.”  A  general  discussion  followed  upon  the  subjects  of  fireproof¬ 
ing  in  building  construction,  and  the  effects  of  fire  upon  stone  and  metal. 
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Special  Meeting,  January  4,  1902. — Present  :  The  President,  the  Vice-Presi¬ 
dents,  Directors  Christie,  Piez,  Hewitt,  Comfort,  Levis,  and  Riegner,  the  Secre¬ 
tary,  and  the  Treasurer. 

The  Executive  Committee  reported  the  contributions  to  the  Annual  Report  of 
the  Board  of  Directors,  which,  after  proper  arrangement,  was  adopted  to  be 
printed  by  the  Publication  Committee. 

The  Treasurer’s  report  showed  : 


Balance,  November  30,  1901, .  $967.54 

December  receipts,  .  1224.51 

$2192.05 

December  disbursements, .  967.71 

Balance,  December  31,  1901, . $1224.34 


The  Membership  Committee  reported  the  transfer  of  Messrs.  Alan  Corson,  John 
DeGrav,  Henry  F.  Dirks,  L.  E.  Edgar,  ('has.  H.  Machen,  (1.  P.  Robinson,  and  \\  . 
Musgrave  Wood  from  junior  to  active  membership. 

Regular  Meeting,  January  18,  1902. — No  quorum. 


Organization  Meeting,  January  25,  1902. — Present :  The  President,  the  Vice- 
Presidents,  Directors  Hewitt  and  Myers,  and  the  Secretary. 

The  Executive  Committee  presented  an  amendment  to  the  rules  of  the  Board 
providing  for  the  preparation  and  mailing  of  the  annual  report  of  the  Board  of 
Directors  on  the  second  Saturday  in  January. 


The  Secretary  called  attention  to  the  fact  that  the  election  of  Professor  Silas  ( i. 
Comfort  to  a  vice-presidency  created  a  vacancy  on  the  Board,  and  upon  motion  it 
was  decided  to  fill  this  vacancy  at  the  February  meeting. 

The  President  announced  the  following  standing  committees  for  the  year  1902, 
the  first  named  in  each  case  being  chairman  : 
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Finance:  Messrs.  Edwin  F.  Smith,  Minford  Levis,  W.  B.  Riegner. 
Publication:  Messrs.  S.  G.  Comfort,  Thos.  C.  McBride,  Chas.  Hewitt. 
House:  Messrs.  Minford  Levis,  H.  K.  Myers,  (vacancy). 

Library:  Messrs.  Charles  Hewitt,  H.  K.  Myers,  (vacancy). 
Information :  Thos.  C.  McBride,  Charles  Hewitt,  S.  G.  Comfort. 
Membership:  W.  B.  Riegner,  Edwin  F.  Smith,  (vacancy). 


The  Tellers  of  Election  are  as  follows:  Messrs.  Osbourn,  Devereux,  Loomis, 
Bradley,  Head,  and  Hubbard. 

Auditors  for  1902 :  Messrs.  Dallett,  Humphrey,  and  Spangler. 


Regular  Meeting,  February  15,  1902. — Present:  The  President,  the  Vice- 
Presidents,  Directors  Riegner,  Hewitt,  McBride,  and  Myers,  and  the  Secretary. 
The  Treasurer’s  report  showed : 


Balance,  December  31,  1901, . $1224.34 

January  receipts,  .  1704.00 


2928.34 

January  disbursements,  .  140.00 


Balance,  January  31,  1902, . $2788.34 


The  Committee  on  New  Club  House  were  instructed  to  appoint  two  delegates 
from  its  number  to  co-operate  in  the  plan  for  the  erection  of  a  house  to  be  used  for 
club  purposes,  as  proposed  by  various  organizations,  and  report  the  result  of  its 
conference  to  the  Club. 

In  accordance  with  the  Board’s  instructions,  the  Secretary  cast  the  ballot  for 
the  election  of  Mr.  Horatio  A.  Foster  to  a  directorship,  thus  filling  the  unexpired 
term  of  Professor  Silas  G.  Comfort. 

The  Finance  Committee  reported  requests  for  appropriations  from  the  various 
committees  for  the  year  1902,  and,  upon  motion,  the  following  amounts  were 
appropriated,  one-half  of  each  to  be  available  before  July  1st : 


House  Committee,  . $2400.00 

Publication,  . . .  1000.00 

Library, .  100.00 

Information,  .  150.00 

Office,  .  500.00 

Salaries, .  1680.00 


$5830.00 

Regular  Meeting,  March  15,  1902. — Present :  President  Hartley,  Vice-Presi¬ 
dent  Comfort,  Directors  Foster,  Levis,  Riegner,  Hewitt,  and  McBride,  and  the 
Secretary. 
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The  Treasurer's  report  showed: 


Balance,  January  31,  .  $2788.34 

February  receipts,  .  447.00 


February  disbursements, 


$3235.40 


451.11 


$2784.29 

The  House  Committee  was  authorized  to  expend  for  portidre  at  meeting-room 
door  not  more  than  $18;  for  portiere  in  first  floor  front  room  doorway,  not  more 
than  S6 ;  and  for  easy  chairs  in  the  reading  room,  not  more  than  $40. 
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BEAST  FURNACES 


JOHN  BIRKINBINE. 

April  5,  1902. 

Among  the  nations  of  the  world  the  United  States  is  considered  a 
young  country;  but  when  a  retrospect  of  the  manufacture  of  iron  i> 
undertaken,  the  radical  changes  which  have  followed  one  another  make 
the  earlier  efforts  appear  in  the  dim  past,  although  a  study  of  recent 
progress  shows  how  many  of  the  improvements  were  introduced  w  ithin 
the  'ordinary  span  of  human  life.  Men  are  living  who  were  familiar 
with  the  crude  construction  and  operation  of  blast  furnaces  of  this 
country  prior  to  1840  or  1850,  and  who  have  been  actively  associated 
with  the  development  to  t lie  present  time. 

According  to  Mr.  James  M.  Swank’s  excellent  history  of  iron  in  all 
ages,  the  first  effort  in  this  country  to  produce  iron  dates  back  two 
hundred  and  eighty  years,  but  this  effort  was  unsuccessful,  lb*  credits 
the  first  pig-iron  production  to  Massachusetts,  in  1045,  followed  by 
Connecticut,  in  1658,  New  Jersey,  1674,  and  Rhode  Island,  1075. 


*  Mr.  Birkinbine’s  address  was  illustrated  by  a  large  numlier  of  lantern  slides, 
only  a  few  of  which  are  reproduced,  ami  his  remarks  were  mainly  descriptive 
of  the  views. — Publication  Committee. 
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Mr.  W.  H.  Adams,  in  an  interesting  paper  contributed  to  the  Ameri¬ 
can  Institute  of  Mining  Engineers,  describes  an  exploration  made  by 
which  he  exposed  the  remnants  of  probably  the  first  blast  furnace  of 
Virginia,  reported  to  have  been  constructed  in  1714;  and  at  the  World’s 
Fair  in  Chicago  a  kettle  believed  to  be  the  oldest  American  casting 
extant,  whose  record  is  authentic,  was  shown  as  representing  the  work 
of  the  early  blast  furnace  in  Massachusetts.  Pennsylvania,  which  has 
long  maintained  pre-eminence  as  the  largest  producer  of  iron,  dates  its 


Fig.  1. — Cornwall  Furnace,  Pennsylvania.  Originally  Built  in  1740. 


first  Catalan  forge  1716,  and  its  first  blast  furnace  1720,  while  the  oldest 
of  the  furnace  structures  extant  is  that  at  Cornwall,  which  is  preserved, 
although  now  inactive,  bearing  the  date  of  1740  (Fig.  1).  The  pro¬ 
duction  of  pig  metal  can  therefore  be  considered,  as  far  as  Pennsylvania 
is  concerned,  as  not  exceeding  one  hundred  and  sixty  years;  and  if  a 
century  were  added  to  this  it  would  certainly  cover  the  production  of 
cast  iron  in  the  United  States.  But  the  advances  were  not  pronounced 
for  nearly  two  centuries,  as  prior  to  1840  practically  all  of  the  iron  made 
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in  this  country  was  obtained  from  cold-blast  charcoal  furnaces,  and  it 
may  be  interesting  to  give  a  general  sketch  of  such  a  plant. 

The  control  of  the  iron  works  was  generally  under  the  personal  direc¬ 
tion  of  the  owner,  who  exercised  absolute  dominion  over  a  considerable 
territory.  Each  plant  procured  its  fuel  from  wood  cut  and  carbonized 
upon  property  connected  with  the  furnace  or  adjacent  thereto,  mined 
ore  from  its  own  or  convenient  lands,  or  quarried  limestone  near  by, 
making  these  early  iron  works  self-dependent.  In  addition  to  the 
supply  of  raw  materials,  each  works  maintained  its  store,  smithery, 
and  generally  a  mill  to  supply  the  employees  and  their  families.  Little 
money  was  used,  most  of  the  labor  being  taken  out  ‘‘in  trade"  at  the 
store  or  mill.  Each  aggregation  of  houses  about  these  iron  works, 
which  sheltered  the  employees  and  their  families  as  tenants  of  the 
owners,  was  a  settlement  independent  of  others,  often  reached  by  long 
and  tedious  wagon  journey?.  The  transporting  of  the  materials  to  the 
furnace  or  forge  and  also  the  product  from  them  was  by  animal  power, 
first  on  the  backs  of  mules,  and  later  by  large  wagons,  each  drawn  by  a 
number  of  animals.  These  wagons  made  extended  journeys  to  points 
of  consumption,  and  brought  back,  with  the  necessary  supplies  re¬ 
quired  for  the  community,  news  from  the  outside  world.  The  owner, 
or  “iron-master/'*  was  practically  ‘‘monarch  of  all  he  surveyed,"  own¬ 
ing  the  lands,  farm,  furnace,  forge,  mill,  store,  tenements,  not  infre¬ 
quently  the  church  and  school-house,  or  at  least  the  ground  they  occu¬ 
pied;  and  while  slavery  prevailed  in  a  portion  of  the  United  States, 
some  were  also  owners  of  many  of  the  employees.  On  his  farm  feed 
for  his  horses  and  cattle  and  grain  for  his  mill  were  raised.  If  he 
elected  to  serve,  he  was  Justice  of  the  Peace  and  Postmaster;  other¬ 
wise,  trusty  subordinates  were  named  at  his  dictation.  He  was  the 
political  and,  in  some  instances,  the  religious  guide  for  his  people;  but 
often  the  manager  did  not  intrude  as  much  upon  religious  duties  as 
upon  political  privileges,  giving  to  his  employees  and  their  families 
unlimited  proxies  to  represent  him  at  the  revival  services  at  which  a 
number  “got  religion"  each  year — at  least  a  supply  believed  to  be  suffi¬ 
cient  until  the  frogs  croaked  in  the  spring,  after  which  it  was  often 
accepted  as  more  or  less  of  an  incumbrance. 

Long  credits  allowed  on  the  sales  of  products  or  claimed  on  the  pur¬ 
chase  of  materials  made  the  owner  or  manager  of  one  of  these  older 
plants  also  a  banker,  whose  fiscal  work  was  mainly  confined  to  short 
seasons  recurring  once  or  twice  every  year. 

As  to  the  blast  furnaces,  a  massive  stone  stack  about  30  feet  high 
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and  30  feet  square  at  the  base  inclosed  the  refractory  lining  whose’ 
greatest  diameter  seldom  exceeded  9  feet.  This  furnace  was  kept  in 
operation  from  eight  to  ten  months  of  each  year,  by  a  weary  water¬ 
wheel  propelling  pistons  in  wooden  cylinders  or  moving  ponderous 
bellows,  producing  an  average  of  about  100  tons  of  pig  iron  per  month, 
but  was  blown  out  for  relining  each  winter.  During  the  season  of 
inactivity,  the  miners  and  furnace  men  not  needed  in  repair  work  were 
sent  into  the  forest  to  chop  wood  for  the  next  season’s  coaling  or  aided 
in  stripping  the  “overlay”  from  ore  banks.  The  raw  materials  for  the 
furnace  were  produced  by  hand  labor,  hauled  by  wagons  to  the  charg¬ 
ing  floor  on  the  hillside  or  bank  at  the  same  height  as  the  furnace  top, 
and  fed  into  the  tunnel  head  by  barrows,  baskets,  or  boxes.  The  metal 
produced  and  the  resulting  cinder  were  also  handled  by  manual  labor, 
and  the  labor  item  was  prominent  in  the  cost  of  metal  produced. 

The  old  cold-blast  charcoal  furnace,  the  prevailing  type  up  to  1840, 
producing  from  two  to  four  tons  of  pig  iron  per  day,  offered  but  little 
encouragement  to  use  labor-saving  appliances  if  such  had  been  avail¬ 
able.  As  water  was  the  motive  force,  blast  furnaces  were  located 
upon  streams  where  a  fall  could  be  utilized  to  produce  power. 

Some  years  ago  an  opportunity  was  taken  advantage  of  to  reproduce 
on  paper,  from  the  few  remaining  parts,  the  general  features  of  the 
blowing  apparatus  which  served  the  old  Southfield  furnace,  in  the  State 
of  New  York  (Fig.  2). 

Following  the  use  of  the  bellows  came  wooden  blowing  tubs,  some¬ 
times  square,  with  corners  filleted,  but  later  circular  in  form,  made  of 
staves,  banded.  The  pistons  were  fitted  with  leather  packing,  which 
as  they  moved  through  their  stroke  uttered  unearthly  groans. 

In  some  instances  these  wooden  tubs  were  placed  horizontally,  in 
others  they  were  in  a  vertical  position,  and  later  iron  cylinders  were 
introduced.  The  latter,  however,  were  of  small  diameter  until  ma¬ 
chine  tools  were  constructed  which  would  satisfactorilv  bore  large 
cvlinders.  Some  of  the  wooden  blowing  tubs  were  in  use  up  to  about 
1880. 

Charcoal  pig  iron  is  still  made  in  this  country,  the  product  for  the 
3’ear  1901  being  about  360,000  tons.  The  number  of  furnaces  is  small, 
but  the  capacity  per  furnace  has  been  materially  increased,  the 
standard  dimensions  being  11  to  13  feet  bosh  diameter  by  50  to  60  feet 
high.  They  are  scattered  throughout  a  number  of  States,  blit  are 
principally  located  in  Alabama,  Tennessee,  Missouri,  and  the  Lake 
Superior  region. 
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About  1840  the  use  of  mineral  fuel  and  tin*  employment  of  heated 
blast  aided  the  iron-master,  and  improvements  m  steam~engin<*s 
encouraged  the  application  of  this  power  through  a  system  of  gearing 
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to  horizontal  blowing  tubs,  and  later  to  vertical  air  cylinders  placed 
above  steam  cylinders. 
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But  as  the  top  or  throat  of  the  furnace  was  open,  it  was  considered 
necessary  to  support  the  boilers  which  generated  steam,  and  t lie  stoves 
which  heated  the  blast,  by  heavy  masonry  constructions  so  that  the 
gases  issuing  from  the  tops  of  the  furnace  could  be  directed  under 
boilers  and  into  hot-blast  stoves.  The  closing  of  the  furnace  top  by  a 
bell  and  hopper,  and  the  diversion  of  the  furnace  gases  through  “ down- 
corners”  to  ground  level,  was  a  later  innovation,  while  the  introduction 
of  dust  catcher  and  dust  washers  may  be  considered  quite  modern. 

The  first  use  of  anthracite  coal  was  claimed  by  several,  and  a  prize 
for  iron  smelted  with  hard  coal  was  awarded  to  a  Pottsville,  Pennsyl¬ 
vania,  furnace  about  1840,  because  it  had  run  continuously  for  three 
months.  Others  had  not  then  made  anthracite  iron  successfully  for  a 
sufficient  time  to  gain  the  prize. 

At  present  about  seven-eighths  of  our  iron  ore  is  smelted  with  coke, 
and  yet  there  was  no  coke  regularly  used  for  this  purpose  in  this  coun¬ 
try  until  1840.  This  has  resulted  in  causing  a  large  number  of  coal 
mines  to  be  opened  and  an  immense  number  of  coke  ovens  to  be 
constructed. 

Plate  I,  figure  3,  and  plate  II  illustrate  the  development  of  the 
anthracite  furnace.  They  show  the  first  anthracite  furnace  at  Mauch 
Chunk,  Pennsylvania,  built  in  1838,  with  which  Mr.  David  Thomas 
was  connected.  Subsequently  the  size  of  furnaces  was  enlarged,  as  at 
Chickies,  Pennsylvania,  in  1846,  and  in  1870  maintaining  the  scpiare 
sandstone  hearth,  but  constructing  the  walls  to  meet  a  circular  bosh, 
using:  three  tuveres  and  carrving  the  excess  gas  from  the  furnace  top 
through  a  thimble. 

Later  developments  in  the  anthracite  blast  furnace  are  shown  by 
changes  at  the  Warwick  furnace  in  Pottstown,  Pennsylvania.  This 
furnace,  built  in  1876,  omitted  the  square  masonry  structure,  and 
substituted  a  series  of  pillars  to  support  the  furnace  shaft,  which  was 
strengthened  with  iron  bands.  This  furnace  was  equipped  with  six 
tuyeres  and  had  a  high  crucible  to  hold  a  large  column  of  fuel  above 
the  tuyeres.  Water  coils  were  placed  in  the  bosh  walls,  through  which 
cooling  water  circulated.  The  dotted  lines  indicate  how  the  lining  of 
the  furnace  cut  back  while  in  blast. 

The  older  method  of  lining  furnaces  permitted  them  to  start  on 
definite  lines,  which  cut  away  rapidly,  as  the  walls  were  too  thick  to 
conduct  the  heat.  Subsequently  the  walls  were  reduced  in  thickness, 
and  protected  by  water-cooled  jackets,  or  by  bosh  plates  in  which 
water  circulated. 
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The  next  step,  in  1892,  was  to  change  the  shape  of  the  Warwick 
furnace,  cool  the  fire-brick  lining  with  water  blocks  and  inclose  the 
shaft  by  an  iron  shell  carried  on  columns. 

While  the  Warwick  furnace  is  not  using  anthracite  entirely,  a  view 
of  the  No.  2  furnace  as  it  is  to-day  is  presented  to  show  the  difference  in 
size  and  details.  This  stack  is  21  feet  diameter  of  bosh  and  100  feet 
high,  blown  by  sixteen  tuyeres;  and  a  steel  mantel  supported  on  col¬ 
umns  carries  the  shaft  inclosed  by  a  plate  shell. 

The  first  anthracite  furnace  illustrated — viz.,  that  at  Mauch  Chunk — 
was  54  feet  across  the  bosh,  and  21  feet  high,  with  225  cubic  feet  capac¬ 
ity;  the  second,  at  Chickies,  Pennsylvania,  8  feet  bosh,  32  feet  high, 
and  723  cubic  feet  capacity;  the  third,  also  at  Chickies,  11  feet  bosh, 
49  feet  high,  and  2700  cubic  feet  capacity.  The  fourth,  the  original 
Warwick  furnace,  was  16  feet  bosh,  55  feet  high,  with  about  5250  cubic 
feet  capacity;  the  remodeled  Warwick  stack  was  16  feet  by  70  feet,  with 
8700  feet  capacity;  and  the  fifth,  the  No.  2  Warwick  furnace,  is  21  feet 
bosh,  100  feet  high,  with  16  tuyeres  and  22,770  cubic  feet  capacity. 

In  1850  Mr.  Firmstone  stated  that  the  average  output  of  anthracite 
furnaces  was  200  tons  per  week;  and  about  1870  a  material  stride  was 
made  in  blast-furnace  practice  as  managers  realized  that  something 
more  exact  than  the  rule  of  thumb  was  necessary,  and  the  chemistry 
of  the  blast  furnace  was  appreciated. 

During  the  Centennial  Exposition,  1876,  which  brought  together 
metallurgists  from  all  parts  of  the  world,  we  gained  much  from  our 
foreign  friends  and  they  gained  information  from  us. 

To-day  we  are  making  eight  times  as  much  iron  in  fewer  furnaces 
than  the  record  of  thirty  years  ago.  From  1873  the  number  of  furnaces 
in  the  country  and  the  number  in  blast  at  the  end  of  each  year  has  been 
annually  reported.  From  that  record  a  few  years  have  been  selected 
to  indicate  the  advance. 

In  1873  there  were  410  furnaces  operating  out  of  657,  producing 
2,500,000  tons.  In  1881,  455  furnaces  were  operating  out  of  716,  pro¬ 
ducing  4,000,000  tons.  In  1890,  311  out  of  562  furnaces  made  over 
9,000,000  tons;  in  1896,  159  out  of  470  made  8,500,000  tons;  in  1901, 
266  furnaces  out  of  406  made  15,878,354  tons;  while  in  1877,  with  four 
more  furnaces  in  blast  (270),  the  product  was  but  2,000,000  tons. 

The  product  of  last  year — nearly  16,000,000  tons— may  be  divided 
into  9,500,000  tons  of  Bessemer  pig  iron,  1,500,000  of  basic  pig  iron  for 
open-hearth  steel  work  (an  industry  which  is  growing  rapidly),  and 
the  balance  for  mill  and  foundry  purposes. 
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Up  to  1880  the  output  of  a  single  furnace  of  KM)  tons  per  day  w as 
phenomenal.  Now  there  are  a  number  of  stacks  making  loo  to  5(Mi 
tons  per  day  each.  From  at  least  two  of  our  great  furnaces  si H I  tons 
per  day  have  been  obtained  as  a  “spurt.”  This  would  represent  an 
amount  of  pig  metal  as  great  as  one  of  the  furnaces  that  were  up  to  date 
about  1840  would  have  made  in  one  year. 

The  early  efforts  to  aid  the  operation  of  the  blast  furnace  by  heating 
the  blast  were  by  means  of  pipe  set  in  chambers,  to  which  flame  was 
carried  from  a  fireplace.  Subsequently  the  gases  from  the  furnace  top 
were  led  to  these  stoves  and  standing  or  suspended  iron  pipes  w  ere  em¬ 
ployed. 

About  1875  the  regenerative  stoves  were  introduced.  These  are  a 
series  of  plate  metal  shells  inclosing  combustion  chambers  and  checker 
work,  or  flues  formed  of  fire-brick.  After  allowing  t lie  furnace  ga>e>  to 
burn  in  one  stove  for  a  sufficient  time,  to  heat  it  thoroughly,  the  gas  i> 
shut  off  and  blast  passing  through  these  stoves  is  raised  to  a  high  tem¬ 
perature, — sometimes  to  1400°  F., — but  generally  to  1000  or  1 100  F. 
While  blast  is  passing  through  some  of  the  stoves  the  others  are  being 
heated  bv  the  furnace  gases. 

v  O 

The  regenerative  hot-blast  stoves  were  originally  about  25  foot  high 
and  13  or  14  feet  in  diameter,  with  twelve  or  fourteen  vertical  flues. 
Most  of  the  stoves  now  have  but  two  passes  and  checker  work  has 
superseded  flues.  The  stoves  have  been  enlarged  in  size;  some  arc* 
25  feet  in  diameter  and  some  over  100  feet  high. 

There  is  considerable  discussion  as  to  whether  we  have  gone  too  far 
in  augmenting  the  size  of  blast  furnaces,  the  records  of  some  of  the 
larger  structures  suggesting  that  the  duty  demanded  exceeds  t  he  physi¬ 
cal  resistance  of  most  cokes  used.  Some  of  the  slips  or  explosions  at 
the  large  furnaces  are,  in  part  at  least,  due  to  the  comminution  of  coke. 

The  method  of  handling  coke  from  drop-bottom  cars  to  bins,  to  ski]  - 
cars  and  through  two  bells  sometimes  requires  that  the  coke  drop  from 
30  to  40  feet  before  it  rests  in  the*  throat  of  the  furnace.  The*  fine  coke* 
increases  the  resistance  within  the  furnace,  especially  when  fed  with 
comminuted  ores. 

There  has  been  much  study  devoted  to  the  pitch  or  slope  of  bosh 
walls  and  the  size  of  crucible.  We  have  had  furnaces  w  ith  flat  or  steep 
boshes,  some  reaching  to  half  the  height  of  furnace  and  others  with 
practically  no  bosh,  but  the  average  furnace  now  shows  a  compromise 
between  the  steep  and  flat  bosh.  The  size  of  the  crucible  naturalK 
controls  the  amount  of  fuel  which  can  lx*  burned  economically. 
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A  furnace  bosh,  such  as  shown  in  the  larger  section  of  the  Warwick 
furnace,  is  made  up  practically  of  a  series  of  bronze  or  copper  boxes 
(through  which  water  circulates) ,  and  intervals  formed  of  fire-brick  sup¬ 
ported  by  steel  bands. 

The  fitting  up  of  the  bosh  of  a  furnace  of  modern  size  will  cost  from 
ten  to  thirty  thousand  dollars,  and  the  supply  of  water  for  one  of  the 
new  furnaces  is  an  item  of  considerable  importance.  Measurements 
by  Venturi  meter  show  from  three  to  four  million  gallons  per  day  for 
each  furnace. 

Horizontal  cross-compound  blowing  engines  or  vertical  cross-com¬ 
pound  engines  with  a  common  fly-wheel  between  them  are  now  used, 
and  attention  is  given  to  their  economical  operation.  Instead  of  sup¬ 
plying  500  to  1000  cubic  feet,  engines  now  furnish  over  50,000  cubic 
feet  of  air  per  minute,  at  pressures  from  15  to  25  pounds  per  square 
inch;  but  when  a  furnace  requires  25  pounds  pressure,  it  is  generally 

not  in  a  healthv  condition. 

%/ 

In  the  equipment  of  blast  furnaces  there  have  been  radical  changes, 
among  which  is  the  liberal  use  of  water-tube  boilers,  which  take  a 
small  amount  of  space,  making  the  general  plan  more  convenient.  It 
was  not  an  uncommon  thing  two  decades  ago  for  some  of  the  larger 
furnaces  to  have  cylinder  boilers  60  to  80  feet  in  length. 

Among  the  factors  which  have  helped  to  build  up  the  great  iron  in¬ 
dustry  is  the  development  of  enormous  iron  ore  mines.  The  most 
advanced  of  the  older  mines  introduced  cars  traveling  on  inclined 
planes,  but  everything  else  was  done  by  hand.  Some  mines  still  use  a 
good  deal  of  manual  labor,  as  at  the  Cornwall  ore  banks  in  Pennsyl¬ 
vania,  where  excavation  has  been  in  progress  for  one  hundred  and 
sixty-two  years  (Fig.  4). 

Three-fourths  of  the  domestic  iron  ore  mined  in  this  country  comes 
from  the  Lake  Superior  region,  and  much  of  it  is  shipped  1200  miles 
to  blast  furnaces.  The  large  mines  are  very  economically  wrought  and 
the  ore  is  handled  with  mechanical  appliances. 

We  hear  stories  about  mining  iron  ore  for  a  few  cents  a  ton  by  a 
steam  shovel,  and  on  counting  the  men  at  the  steam  shovel  and  noting 
its  operation  can  verify  these  statements,  but  we  must  take  into  con¬ 
sideration  that  stripping  has  to  be  taken  off  ;  that  possibly  property 
must  be  bought  to  put  that  stripping  on;  also  that  the  steam  shovel 
does  not  always  have  work  ahead  of  it  or  cars  to  be  loaded,  and  like 
any  other  piece  of  mechanism  is  liable  to  breakage. 

The  view  of  the  Mountain  Iron  Ore  Mine  in  Minnesota  (Fig.  5)  shows 


B  irk  inline — Changes  in  tin  Manufacture  of  Pig  Iron. 


the  steam  shovels  taking  off  stripping  and  digging  ore  at  different 
levels.  Under  such  conditions  an  immense  amount  of  iron  ore  can  be 
handled  economically  and  promptly.  The  ore  is  shoveled  into  railroad 
cars,  is  hauled  to  shipping  docks,  where  the  cars  drop  their  contents 
into  bins  and  thence  through  chutes  and  into  the  holds  of  vessels. 

At  Lower  Lake  receiving  ports  the  docks  are  magnificently  equipped. 
As  much  as  12  tons  is  taken  up  at  a  time  by  large  grabs  w  hich  remove 
all  the  ore  in  the  hold  except  what  we  might  call  the  cleaning  up,  and 


to  take  out  this  scrapers  are  used.  The  ore  in  the  grabs  can  bo  stocked 
on  the  docks  or  placed  on  cars  to  go  to  the  furnaces.  A  considerable 
portion  of  the  iron  ore  mined  is  never  touched  by  hand. 

A  steam  shovel  mine  does  not  permit  of  discriminating  as  closely  as 
other  mines,  because  the  bucket  takes  t lit'  ore  practically  as  it  lies; 
but  it  is  marvelous  how  the  operators  segregate  the  ores,  and  judge  by 
physical  condition  and  advance  analyses  of  their  approximate  chemical 
composition. 
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Stock  Piles,  Cambria  Steel  Co.,  Johnstown,  Pennsylvania 
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Figure  6  illustrates  the  ordinary  stock  which  the  Cambria  Steel  Com¬ 
pany  carries  at  Johnstown,  Pennsylvania,  and  which  accumulates 
during  the  eight  months’  shipping  season.  All  of  this  ore  comes  from 
the  Upper  Lake  region,  and  all  of  it  has  traveled  a  thousand  miles  or 
more  to  reach  the  Cambria  stockyards.  It  shows  the  quantity  which 
has  to  be  handled  in  supplying  a  large  furnace  plant. 

At  other  furnaces  car  dumpers  discharge  the  contents  of  o()-ton  rail¬ 
road  cars  by  reversing  them,  and  the  ore  is  transferred  to  stock-piles 


Fig.  7. — Pig  Casting  Machine,  Bktiii.kiikm,  Pennsylvania. 


or  drops  into  the  bins  and  passes  by  chutes  into  scale  cal's  which  travel 
in  front  of  the  bins.  These  scale  cars  are  taken  tot  lie  foot  of  an  incline 
and  discharged  into  skip  cars,  which  are  elevated  to  the  furnace  top. 
thus  requiring  no  handling  bv  men. 

There  are  a  number  of  different  forms  of  furnace  tops:  some  very 
simple,  others  more  elaborate.  Some  have  revolving  hoppers  >o  that 
the  ore,  fuel,  and  flux  are  thrown  to  one  side  or  the  other  to  encourage 
thorough  distribution  of  the  material. 


Fig.  8. — Blast  Furnace  A,  Colorado  Fuel  and  Iron  Co.,  Colorado. 

machines  of  various  kinds  carrying  a  series  of  molds  are  also  used.  The 
metal  is  poured  from  ladles  into  the  molds,  which  are  attached  to  an 
endless  chain,  and,  when  cool,  the  mold  is  tripped.  Some  casting  ma¬ 
chines  are  in  the  shajie  of  a  merry-go-round,  as  shown  in  figure  7 ;  others 
are  endless  chains. 

Ihe  form  of  pig  iron  made  on  the  casting  machine  has  been  changed 
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The  method  of  casting  iron  directly  in  front  of  the  furnace  in  sand  or 
iron  molds  is  giving  place  to  ladle  cars,  carrying  from  20  to  25  tons  of 
molten  iron,  which  at  steel  works  are  discharged  into  reservoirs  or 
mixers  holding  300  to  350  tons.  The  tappings  for  various  furnaces  are 
put  into  the  mixer  or  reservoir  to  get  a  more  uniform  quality  of  metal 
and  to  have  a  storage  between  the  furnaces  and  converters.  Casting 
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from  the  loupe  bar  to  a  slab,  convex  on  the  bottom,  and  the  casting 
machine  has  done  away  with  the  ton  of  22(>N  pounds,  in  which  2S 
pounds  were  allowed  for  sand. 

Figure  8  illustrates  one  stack  of  the  new  furnace  plant  of  t he  Colo¬ 
rado  Fuel  and  Iron  Company,  at  Pueblo,  Colorado.  The  furnace  is  95 
feet  high,  has  a  bosh  diameter  of  21  foot  and  a  crucible  12  foot  diameter, 
pierced  for  ten  tuyeres.  It  is  equipped  with  four  hot-blast  stoves. 
On  the  ski])  bridge  one  car  travels  on  the  lower  chord  and  the  other 
car  passes  over  it  on  the  upper  chord. 


Fig.  9. — Ore  and  Coke  Bins,  Furnace  A,  Colorado  Fuel  and  Iron  Co.,  Colorado. 


Figure  9  illustrates  the  system  of  bins  which  receive  the  supplies  of 
ore,  fuel,  and  flux, from  railroad  cars,  and  feed  them  to  scale  cars.  The 
view  shows  the  method  of  constructing  the  bins. 

We  had  to  solve  interesting  problems  at  the  furnaces  at  l’ucblo. 
which  are  about  4600  feet  above  sea-level.  More  air  had  to  be  supplied 
to  the  furnace  to  secure  the  same  amount  of  oxygen  as  would  be 
available  nearer  sea-level.  Water  also  has  a  lower  boiling-point  and 
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there  is  a  lower  vacuum  range.  These  had  to  be  taken  into  considera¬ 
tion  in  designing  the  necessary  equipment  for  boilers  and  engines. 

It  is  a  question  whether  it  is  as  advantageous  to  spend  $750,000 
to  $1,000,000  on  a  single  furnace  as  to  erect  a  larger  number  of 
somewhat  smaller  stacks.  It  is  natural  that  each  company  should 
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Fig.  10. 


want  a  furnace  as  large  as  that  of  its  neighbor,  but  it  is  an  open  ques¬ 
tion  whether  it  would  not  be  better  to  keep  closer  to  the  size  of  the 
Edgar  Thompson  and  Lucy  furnaces  than  to  exceed  20  feet  bosh  diam¬ 
eter  and  90  feet  height. 

Figure  10  shows  part  of  the  United  States,  illustrating  the  develop- 
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merit  of  the  iron  manufacture  in  the  Tinted  States  at  tin*  large  steel 
plants.  I  have  indicated  by  lines  and  arrows  the  source  of  fuel  and  ore. 

Pittsburg  obtains  its  fuel  close  by  from  Connellsville,  but  gin  s  to 
Lake  Superior  for  its  ores;  Youngstown  and  Cleveland  also  get  coke* 
and  ores  from  the  same  sources;  Chicago,  because'  of  its  magnificent 
facilities  for  shipping,  maintains  a  large  industry,  drawing  coke  from 
Connellsville  and  West  Virginia  and  ores  from  Take  Superior  mines. 

At  Birmingham,  Alabama,  we  find  the  raw  material  closeh  grouped, 
and  in  this  Alabama  has  a  great  advantage;  but  tin*  ores  are  not 
rich  as  those  from  Lake  Superior,  nor  has  Birmingham  tin*  market  of 
Pittsburg  and  Chicago. 

The  blast  furnaces  at  Buffalo  obtain  coal  from  western  Pennsylvania, 
but  the  ore  comes  from  Lake  Superior;  and  the  Lackawanna  Company 
will  get  part  of  its  ore  supplies  from  Lake  Champlain,  it  will  bring  coal 
to  the  furnaces  and  coke  it  there. 

At  Baltimore  the  coke-supply  is  from  Pennsylvania  and  W  est  Vir¬ 
ginia.  The  ores  come  from  Spain,  Algeria,  or  Cuba,  and  in  the  event 
of  excessive  ocean  freight  the  furnaces  will  draw  from  Lake  Superior. 

In  Colorado  one-third  of  the  ore  is  obtained  comparatively  close  to 
Pueblo.  About  one-third  is  from  Wyoming  (Fig.  11)  and  one-third 
from  New  Mexico.  The  coke  is  obtained  within  100  miles  of  the  plant. 

This  map  shows  the  sources  of  supply  and  also  the  relations  to  mar¬ 
kets.  It  might  have  been  extended  to  show  other  places,  like  Troy  and 
Johnstown,  but  it  is  merely  offered  to  give  an  idea  of  the  distances 
which  are  practically  nullified  in  mining  and  transporting  material  for 
steel  manufacture. 

I  have  indicated  that  the  iron  industry  passed  from  individual 
ownership  to  partnership  and  corporate  control,  ll  is  now  going  very 
largely  into  combinations.  But  while  an  individual  firm  may  be  at  a 
disadvantage  in  controlling  its  ore  and  fuel  supplies  and  competing 
with  larger  plants,  this  statement  is  not  intended  to  indicate  that  those 
who  are  interested  in  individual  furnaces  have  little  encouragement. 

There  are  possible  economies  in  handling  largo  quantities,  and  it 
takes  as  much  skill  and  knowledge  to  operate  a  small  plant  a<  a  large 
one.  But  there  is  a  future  for  a  number  of  moderate-sized  blast¬ 
furnace  plants  if,  as  far  as  practicable,  labor-saving  appliances  arc  used 
and  the  practice  keeps  abreast  of  the  times.  We  may,  however,  be  led 
to  introduce  labor-saving  devices  on  which  the  interest  on  tin*  cost  and 
maintenance  will  amount  to  more  than  we  really  save  in  labor. 

This  sketch  should  be  considered  as  suggestive  and  not  exhaustive. 
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Its  purpose  will  have  been  served  if  it  emphasized  some  of  the  changes 
which  have  modernized  the  construction  and  operation  of  American 
blast  furnaces  and  the  close  relation  which  transportation  methods 
bear  to  the  industry.  It  is  unnecessary  to  indicate  the  prominent 
place  which  engineering  has  had  in  the  developments  mentioned. 


Fig.  11. — Sunrise  Mine,  Wyoming. 

DISCUSSION. 

Charles  Hewitt. — Do  they  find  it  necessary  to  wash  the  ore? 

Mr.  Birkixbixe. — I  can  best  answer  by  an  incident.  It  was  my  privilege  to 
pilot  a  party  of  the  British  Iron  and  Steel  Institute  to  Lake  Superior,  and  as  we 
had  a  train  of  eleven  cars,  you  can  understand  how  often  such  a  question  was 
presented.  TV  hile  the  party  was  in  the  Lake  Superior  region  another  delegation 
was  in  Alabama,  and  the  question  was  asked  me,  “Are  any  of  these  ores  washed?  ” 
I  replied  that  ores  which  need  to  be  washed  are  not  mined  here,  and  your  col- 
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leagues  now  in  Alabama  have  not  seen  any  ore  in  their  journey  as  rich  a*  are  used 
in  Lake  Superior  to  built!  the  roads. 

Lake  Superior  has  large  deposits  of  rich  ore,  which  when  mined  are  s*  nt  l<»ng 
distances.  Most  of  the  ores  will  yield  sixty  |>er  cent,  of  iron  when  dried  at  212  F. 

Some  low  in  phosphorus  carry  lower  percentages  of  iron  and  serve  a  . . 1  p  in  »~c 

by  mixing  with  the  rich  ores.  Comparatively  few  American  ore^  are  wa>h<xl 
to-day,  the  brown  hematites  being  the  only  ones  which  are  now  treated  in  this 
way. 

In  late  years  there  has  been  a  record  of  some  mine,  and  sometimes  of  >everal 
mines,  producing  over  one  million  tons  of  iron  ore  each  in  a  year.  Last  year  the 
Fayal  mine  in  Minnesota  produced  1,680,000  tons,  probably  more  iron  ore  than 
was  mined  in  any  year  in  the  whole  of  the  United  States  prior  to  1  X54.  And  con¬ 
sidered  on  the  basis  of  metallic  content,  this  would  produce  as  much  iron  as  was 
made  in  any  year  in  the  United  States  up  to  I860. 

Edwin  F.  Smith. — I  think  we  have  only  to  go  back  about  thirtv-five  vears  to 
the  time  when  we  were  importing  into  this  country  all  or  nearly  all  the  pig  iron 
required  for  casting  car  wheels.  Scotch  pig,  as  far  as  1S64  and  1S65,  brought 
thirty-six  dollars  a  ton  in  eastern  Pennsylvania.  There  were  at  that  time  twenty 
anthracite  furnaces  in  blast  in  the  Schuvlkill  Valiev,  and  eastern  IVnn>vlva:u:i 
had  a  great  reputation  for  its  anthracite  pig  iron.  At  that  time  the  production 
of  pig  iron  in  the  United  States  was  only  about  1,200,000  tons— and  of  that  out¬ 
put  less  than  700,000  tons — about  685,000  tons,  I  think — were  anthracite  pig  iron, 
all  of  which  was  produced  in  the  eastern  part  of  the  country,  and  about  500,000 
tons  were  bituminous  and  charcoal  iron.  It  was  a  very  small  production  in  the 
aggregate  compared  with  what  we  have  to-day.  Where  there  were  twenty  fur¬ 
naces  in  blast  in  the  Schuylkill  Valley  in  1864  and  18G5,  there  are  only  seven  m»w ; 
but  I  have  no  doubt  that  these  six  or  seven  produce  vastly  more  in  one  year  than 
the  twenty  in  1864  and  1865.  In  the  intervening  thirty-five  years  or  more, 
bringing  us  up  to  the  present  time,  wonderful  changes  have  taken  place  in  the  iron 
and  steel  industries  of  the  country.  Eastern  Pennsylvania  is  no  longer  the  great 
center  it  once  was  in  the  iron  business.  It  has  moved  westward  to  Pittsburg  and 
the  lake  region.  We  no  longer  bring  Scotch  pig  here  for  casting  car  wheels,  but 
are  able  to  produce  in  this  country  as  fine  metal  as  can  be  produced  anywhere  on 
the  face  of  the  globe. 

We  hope  to  have  the  pleasure  of  hearing  from  Mr.  ( 'hristie,  at  our  next  meeting, 
something  of  the  wonderful  progress  we  are  making  in  this  country  in  the  making 
of  open-hearth  steel. 

If  there  are  any  further  remarks,  we  shall  be  glad  to  hear  from  any  member 
present. 

Mr.  Birkinbine. — In  reply  to  query.  I  did  not  say  that  we  had  to  depend  on 
Lake  Superior,  but  we  arc  depending  very  largely  on  the  Lake  Superior  region  for 
iron  ores.  1  believe  that  there  is  opportunity  for  some  local  mines  to  be  rehabili¬ 
tated.  There  are  many  ore  bodies  which  can  be  wrought  in  the  eastern  section 
of  the  United  States  if  engineering  talent  and  proper  management  mine  them  in 
some  other  way  than  was  the  custom  several  decades  ago. 
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MODERN  DEVELOPMENTS  IN  THE  PRODUCTION  OF  OPEN- 

IIEARTI  I  STEEL* 


JAMES  CHRISTIE. 

April  19,  1902. 

This  not  being  a  metallurgical  center,  many  of  the  members,  the 
young  men  especially  never  having  had  any  association  with  metal¬ 
lurgical  processes,  are  apt  to  misapprehend  the  present  status  of  the  art. 
Judging  from  questions  frequently  submitted,  it  would  seem  that  a  few 
remarks  of  a  rudimentary  character  would  be  appropriate,  and  I  ask 
for  the  patience  of  the  members  during  a  brief  preliminary  statement. 

All  malleable  forms  of  iron  and  steel  as  now  produced  in  commercial 
processes  are  made  from  the  products  of  the  blast  furnace ;  that  is,  they 
are  all  produced  from  cast  iron.  Former  methods  of  producing  mallea¬ 
ble  metal  direct  from  the  ore,  which  lingered  until  recent  date  from  the 
earliest  recorded  times,  are  now  practically  extinct.  There  are  three 
existing  commercial  methods  for  refining  cast  iron  and  producing  the 
malleable  product — viz.,  the  puddling  or  boiling  process,  the  Bessemer 
process,  and  the  open-hearth  process.  By  these  three  processes,  in  a 
commercial  sense,  all  the  malleable  forms  of  iron  are  now  made,  and  of 
the  entire  products  of  the  blast  furnaces,  now  aggregating  about  one 
and  a  half  million  tons  per  month  in  this  country,  about  one-half 
passes  through  the  Bessemer  converter.  Over  one-fourth  of  the 
total  product  passes  through  open-hearth  furnaces,  and  three- 
fourths  of  the  whole  open-hearth  product  is  made  in  basic-lined 
furnaces,  the  other  fourth  being  produced  from  acid-lined  furnaces, 
the  latter  being  the  original  form  of  the  open-hearth  furnace,  as  at 
first  perfected. 

During  the  reduction  of  iron  ores  in  the  blast  furnace  the  metal  is 
associated  with  numerous  metalloids,  which  are  generally  derived  from 
the  original  ores.  The  most  important  of  these,  or  those  that  are  fre- 


*The  subject  was  discussed  orally  by  the  President  and  Messrs.  Webster, 
Talbot,  Furber,  arid  Birkinbine.  This  discussion  will  appear  in  a  subsequent 
issue  of  the  Proceedings.— -Publication  Committee. 
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quently  dealt  with  in  ordinary  chemical  analyses,  are  cat'lxm.  silicon, 
manganese,  phosphorus,  and  sulphur.  The  pig  metals  desirable  in 
ordinary  basic  open-hearth  practice  will  average*  about  the  following 
chemical  composition: 

C.  Si.  Mn.  Piios.  8clph. 

3.5  to  4  0.5  to  1  0.0  to  0.5  0.5  to  1  0.05to0.1  percent 

0.1  to  0.3  0.4  to  0.G  0.04  to  0.08  0.04  to  0.08 

It  is  desired  to  eliminate  the  metalloids  in  the  original  pig,  and  for 
the  production  of  steel  having  qualities  suitable  for  ordinary  structural 
purposes,  the  metalloids  should  be  reduced  to  the  percentages  given 
in  the  second  line  above.  Carbon,  silicon,  and  manganese,  having 
a  high  affinity  for  oxygen,  at  high  temperatures  are  readily  removed 
from  the  metal  bv  the  oxygen  of  the  atmosphere.  Phosphorus  and 
sulphur,  however,  have  a  strong  affinity  for  the  iron,  and  they  cannot 
be  removed  by  atmospheric  oxidation.  Moreover,  as  they  are  acids  in 
a  chemical  sense, — that  is,  they  form  acid  compounds  when  oxidized, 
it  is  necessary  to  expose  them, when  at  a  high  temperature, to  the  act  ion 
of  lime,  or  other  powerful  mineral  bases  that  have  such  an  active  affin¬ 
ity  for  them  as  to  pull  them  away  from  their  association  with  tin*  iron. 
Until  a  recent  period  the  refractory  linings  of  our  furnaces  were  made 
of  silicious  materials  which  were  also  acids  in  a  chemical  sense,  and  it 
was  impossible  to  use  the  powerful  mineral  bases  in  this  form  of  fur¬ 
nace  without  fluxing  and  destroying  the  lining  of  the  furnace.  Conse¬ 
quently,  in  the  original  acid  furnace  it  was  necessary  to  use  only  such 
metals  as  were  sufficiently  low  in  phosphorus  and  sulphur  to  yield  a 
satisfactory  finished  product. 

The  large  majority  of  our  iron  ores  contain  considerable  proportions 
of  these  objectionable  elements.  As  the  necessity  of  working  these 
ores  became  pressing,  it  resulted  in  the  development  of  tin*  basic  fur¬ 
nace, — that  is,  a  furnace  whose  refractory  linings  wore  mineral  bases, 
and  these  are  usually  either  magnesite  or  dolomite,  the  latter  a  com¬ 
pound  of  lime  and  magnesia.  The  use  of  these  basic  linings  permits  of 
the  addition  of  large  quantities  of  lime  to  the  molten  metal,  and  also 
permits  of  much  larger  additions  of  oxides  of  iron,  such  as  ore,  mill 
scale,  etc.,  than  could  be  tolerated  in  the  acid-lined  furnace.  H\  the 
use  of  these  reagents  the  excess  of  phosphorus  and  to  some  extent  that 
of  the  sulphur  can  be  reduced  and  permits  the  utilization  of  large  quan¬ 
tities  of  ores  that  could  not  otherwise  be  handled,  with  a  resulting  pro¬ 
duct  of  unquestionable  excellence  if  the  process  is  properly  carried  out. 

The  higher  the  percentage  of  the  metalloids,  especially  carbon  and 
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silicon,  associated  with  cast  iron,  the  lower  the  melting-point  will  be, 
and  the  lower  the  specific  gravity  of  the  metal;  and  also,  in  a  general 
sense,  the  metal  is  softer  and  has  a  lower  tensile  strength.  As  we  elim¬ 
inate  the  metalloids  the  temperature  of  the  melting-point  is  elevated 
and  the  specific  gravity  is  increased,  until  we  approach  the  condition 
of  pure  metallic  iron,  when  the  melting-point  and  specific  gravity  will 
be  maximum.  When  all  the  silicon  and  a  little  over  half  the  carbon 
usually  present  in  the  pig  iron  are  removed,  the  metal  approaches  the 
condition  of  high-carbon  steel,  when  the  tensile  strength  is  maximum. 
As  the  carbon  is  still  further  removed,  the  tensile  strength  lowers,  but 
the  ductility  of  the  metal  is  increased.  A  large  proportion  of  steel  used 
for  structural  purposes  at  the  present  time  is  basic  process  open-hearth 
steel,  having  a  tensile  strength  averaging  about  60,000  pounds  per 
square  inch  of  section  and  containing  from  0.1  to  0.3  per  cent,  of  carbon. 
Briefly,  then,  the  action  of  refining  cast  iron  consists  in  reducing  the 
carbon  content  to  the  desired  point,  which  is  done  either  by  re¬ 
moving  almost  entirely  the  whole  original  content  and  adding  suffi¬ 
cient  to  bring  it  to  the  requisite  standard,  or  else  maintaining  the  de¬ 
sired  proportion  of  the  original  carbon.  The  silicon  is  all  oxidized  and 
sometimes  a  small  percentage  restored  for  specific  purposes.  The 
manganese  is  readily  removed  by  the  oxygen  of  the  atmosphere,  and  a 
considerable  proportion,  usually  from  0.4  to  0.6  per  cent.,  has  to  be 
restored,  as  the  presence  of  manganese  is  necessary  as  a  general  correc¬ 
tive,  and  steel  of  a  satisfactory  quality  is  not  made  either  by  the  Besse¬ 
mer  or  by  the  open-hearth  process  without  the  addition  of  manganese. 
Phosphorus  and  sulphur  are  removed  as  far  as  possible.  These  con¬ 
stituents  cling  very  tenaciously  to  the  metal,  and,  as  their  presence 
above  very  minute  percentages  is  very  objectionable,  their  elimination 
is  one  of  the  most  difficult  problems  the  metallurgist  has  to  deal  with. 

It  will  be  observed  that  the  low-carbon  steel  now  used  so  extensively 
for  structural  purposes  has  a  very  high  melting  temperature,  and  the 
manufacture  of  this  metal  has  been  rendered  practicable  by  the  devel¬ 
opment  of  furnaces  in  which  the  necessary  high  temperatures  can  be 
produced  and  maintained.  In  fact,  this  is  the  essential  distinction 
between  the  puddling  process  and  its  successor,  the  open-hearth 
furnace  and  process.  In  the  former,  as  the  metalloids  are  removed 
by  oxidation,  the  separated  metallic  iron  is  never  at  a  high  enough 
temperature  to  be  in  the  molten  condition.  It  is  simply  a  pasty  mass 
of  open  iron  sponge  which  is  welded  together.  Therefore  the  refining 
of  iron  as  performed  in  the  puddling  furnace  is  a  process  of  welding 
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or  agglutination,  and  the  metal  is  handled  in  tin*  solid  condition, 
whereas  in  the  open-hearth  furnace  it  is  a  fusion  process  and  the  metal 
is  produced  from  tin*  furnace  in  a  molten  condition. 

We  might  very  briefly  review  the  development  of  the  puddling  fur¬ 
nace,  as  there  is  a  very  close  analogy  between  this  and  modern  devel¬ 
opments  in  the  open-hearth  furnace.  About  a  century  ago,  when  the 
puddling  furnace  was  in  its  primitive  form,  the*  metal  wa>  treated  in 
a  furnace  hearth,  whose  sides  and  bottom  were  of  silicious  materials, 
in  many  respects  comparable  in  a  humble  way  to  tin*  acid  open-hearth 
furnace.  With  this  original  type  of  puddling  furnace  no  metals 
except  those  of  the  highest  grade — that  is,  free  from  objectionable 
metalloids — could  be  handled,  nor  could  any  reagents  of  a  basic  char¬ 
acter  be  used  in  the  furnace.  Early  in  the  last  century  the  puddling 
furnace  developed  to  a  higher  stage.  The  bottom  was  formed  of  iron 
plates,  protected  by  a  coating  of  oxide  of  iron  cinder,  and  tin*  walls 
of  the  hearth  were  protected  with  non-silicious  materials.  This  was  a 
distinct  advance  in  the  art,  and  the  process  was  usually  associated  with 
a  preliminary  refinery  treatment,  which  removed  a  large  part  of  the 
carbon  and  silicon  and  facilitated  the  final  treatment  in  the  puddling 
furnace.  It  was  not  the  custom  to  use  large  quantities  of  oxides  of 
iron,  and  the  slag  produced  being  small  in  quantity,  it  was  subsequently 
customary  to  denote  this  process  by  the  term  of  dry  puddling.  To¬ 
ward  the  middle  of  the  century  a  further  development  took  place. 
The  walls  or  jambs  of  the  furnace  were  built  of  high-grade  iron  ore  and 
large  quantities  of  iron  ore  and  mill  scale  or  other  suitable  oxides  of 
iron  were  added  to  the  charge,  resulting,  when  the  proper  temperature 
was  reached,  in  a  very  active  reaction  or  boil,  with  the  separation  and 
discharge  of  considerable  quantities  of  slag.  It  was  customary,  there¬ 
fore,  to  term  this  process  “boiling,”  and  the  workmen  in  some  places 
were  called  “boilers,”  in  contradistinction  to  the  old  form  of  drv 
puddling. 

The  essential  distinction  was  that  in  the  former  process  more  reliance 
was  placed  upon  the  atmosphere  as  an  oxidizing  agent,  and  in  the  latter 
the  oxides  of  iron,  added  to  the  charge,  formed  the  oxidizing  agents, 
with  distinct  economical  advantages  in  reduction  of  labor,  improve¬ 
ment  in  quality  of  product  and  in  the  yield  of  product,  inasmuch  as  the 
waste  of  metal  from  atmospheric  oxidation  was  fully  compensated  by 
the  addition  of  metallic  iron  recovered  from  the  oxides.  'This  final 
development  of  the  puddling  furnace  was  a  basic  process;  in  fact,  it 
was  quite  common  in  certain  districts  to  add  considerable  proportions 
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of  lime  compounds  to  the  charge,  as  a  dephosphorizing  agent.  The 
further  development  of  the  puddling  process  as  a  mechanical  operation 
was  arrested  by  the  rapid  introduction  and  growth  of  the  open-hearth 
furnace  and  the  displacement  of  puddled  iron  by  Bessemer  and  open- 
hearth  steel. 

The  introduction  and  development  of  the  open-hearth  furnace  were 
coincident  with,  or  succeeded  very  closely,  the  Bessemer  process.  It 
has  now  had  a  commercial  existence  of  a  little  over  thirty  years.  For 
about  half  this  period  operations  were  confined  entirely  to  the  acid 
process — that  is,  a  furnace  whose  linings  were  of  a  silicious  character. 
When  it  is  remembered  that  there  are  but  few  deposits  of  ores  that  do 
not  carry  higher  proportions  of  phosphorus,  and  frequently  sulphur, 
than  can  be  tolerated  in  the  finished  metal,  and  that  the  phosjjhorus 
content  of  the  original  ores  will  be  largely  found  in  the  final  product  of 
acid  process  steel,  it  can  be  readily  understood  why  strong  incentives 
existed  for  a  furnace  lining  that  would  permit  the  addition  of  basic 
material  to  the  metallic  charge.  The  desired  lining  material  was  found 
in  magnesite  and  dolomite,  and  the  former  especially  has  taken  prece¬ 
dence  as  the  most  suitable  refractory  for  basic  furnace  linings. 

As  the  basic-lined  furnace  was  improved  and  developed  and  the 
necessary  refractories  produced  in  better  shape  for  prolonged  endur¬ 
ance,  it  became  customary  to  increase  the  additions  of  lime  and  oxides 
of  iron  in  the  charge,  just  as  obtained  with  the  final  development  of 
the  puddling  furnace.  This  resulted  in  very  active  boils  or  reaction 
in  the  furnace,  accompanied  by  the  separation  of  large  quantities  of 
frothy  slag,  which  greedily  absorbed  the  carbon,  silicon,  and  manga¬ 
nese  in  the  original  pig  iron,  and  also,  but  more  slowly,  absorbed  the 
phosphorus  and  a  part  of  the  sulphur. 

It  was  soon  found  to  be  desirable  to  separate  the  impure  slag  thus 
created  from  the  bath  of  metal — first,  as  a  necessity  on  account  of  its 
bulk;  second,  to  remove  it  as  a  covering  from  the  metallic  iron,  leaving 
the  latter  more  fully  exposed  to  heat  influences;  third,  to  permit  the 
addition  of  fresh  basic  charges  as  the  original  slag  had  become  partly 
satisfied  with  the  impurities  that  it  had  so  greedily  absorbed. 

Rolling  and  tilting  furnaces  are  now  extensively  used  and  are 
favored  under  certain  conditions,  or  for  the  purpose  of  facilitating 
special  methods  of  working. 

The  following  advantages  are  claimed  for  the  rolling  furnace:  A 
portion  of  the  charge  can  be  tapped  if  desired.  The  slag  can  be  re¬ 
tained  or  prevented  from  entering  the  ladle.  The  excess  of  impure 
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slag  can  readily  bo  tapped  off  before  the  heat  is  finished.  The  hot¬ 
test  metal  at  the  surface  of  the  bath  being  drawn  first,  some  main¬ 
tain  the  mixture  in  the  ladle  is  more  uniform  than  when  tapped 
from  the  fixed  furnace. 

The  objections  to  this  form  of  furnace  are  the  greater  first  c<  st 
and  the  somewhat  greater  expenditure  for  maintenance  and  repair. 

The  principal  objection  to  the  open-hearth  furnace  is  that  the  prin¬ 
cess  is  a  tedious  one,  and  the  efforts  of  the  manufacturer  have  been 
devoted  to  expediting  the  process  to  obtain  larger  products  in  a  given 
time  and  economize  the  production.  Numerous  experiments  have 
been  made  by  charging  liquid  metal  either  direct  from  the  blast  fur¬ 
nace  or  the  cupola  or  metal  partially  purified  in  the  Bessemer  conver¬ 
ter.  Until  a  recent  period  none  of  these  experiments  have  been  entirely 
satisfactory.  By  using  liquid  cast  iron  with  the  ordinary  process,  tlx* 
refining  has  not  been  facilitated  so  much  as  was  anticipated,  for  it 
will  be  remembered  that  there  is  some  refining  action  before  fusion 
occurs  when  the  metals  are  charged  cold.  Furthermore,  there  was 
erosion  of  the  bottoms  if  liquid  metal  was  poured  into  an  empty  fur¬ 
nace.  This  difficulty  was  augmented  when  partially  blown  Bessemer 
metal  was  used,  inasmuch  as  it  was  both  heavier  and  hotter  than  liquid 
cast  iron.  It  was  also  found  that  the  elimination  of  phosphorus  in  tlx* 
open-hearth  furnace  was  very  slow  and  tedious  when  Bessemer  metal 
was  charged,  as  the  phosphorus  seems  to  cling  more  tenaciously  at  high 
than  at  low  temperatures.  Nevertheless,  in  the  final  development  of 
the  basic  open-hearth  furnace  liquid  cast  iron  is  largely  used,  and  tlx* 
general  features  of  the  various  methods  practised  might  be  roughly  d»*- 
scribed  as  follows: 

The  modern  methods  for  expediting  the  process  of  refining,  though 
varying  much  in  the  details,  in  a  general  sense  consist  in  charging  in  tlx* 
basic  furnace  large  masses  of  molten  iron  with  liberal  additions  of  ox- 
ides  of  iron,  such  as  ore,  mill  scale,  etc.,  together  with  suitable  addit  ions 
of  lime  or  dolomite.  These  additions  form  a  highly  basic  slag,  which 
rapidly  absorbs  the  bulk  of  the  metalloids  in  the  cast  iron.  An  active 
boil  or  reaction  now  occurs,  and  tlx*  large  mass  of  slag  thus  created  and 
partially  saturated  with  impurities  is  then  separated  from  the  partly 
refined  iron,  and  the  latter,  separated  from  tlx*  impure  slag,  is  then 
boiled  down  and  treated  in  the  usual  way  to  the  required  condition. 
The  chief  distinction  in  modern  open-hearth  practice,  as  compared  to 
former  methods,  consists  in  the  larger  use  of  liquid  metal,  and  in  tlx* 
larger  quantities  of  solid  oxides  used  as  reducing  agents.  The  use  of 
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the  latter,  of  course,  is  only  possible  in  the  basic-lined  furnace.  The 
use  of  solid  oxides  instead  of  the  atmospheric  oxygen  not  only  prevents 
a  waste  of  iron  that  would  otherwise  occur,  but  in  fact  augments  the 
product  of  iron  delivered  from  the  furnace  by  the  transfer  of  a  portion 
of  the  metal  in  the  ore  to  the  metallic  charge.  It  is  common  practice 
now  to  draw  from  the  furnace,  in  refined  metal,  full  weight  of  the  crude 
metal  charged;  in  fact,  frequently  several  per  cent,  in  excess  of  the 
charge  is  produced  from  the  furnace.  It  will  be  observed  that  there 
is  a  very  close  analogy  between  this  operation  and  that  of  the  most 
highly  developed  stage  of  the  puddling  process.  There  are  several 
specific  processes  now  frequently  quoted,  the  most  prominent  being 
the  Bertrand-Thiel  process,  the  Talbot  process,  and  the  Monell  pro¬ 
cess. 


Bertrand-Thiel  Process. 

This  process  originated  at  Kladno,  Bohemia,  in  1894-95.  Two  basic- 
lined  open-hearth  furnaces  are  used,  one  being  a  primary  or  rough 
refining  furnace  and  the  second  a  finishing  furnace.  Into  the  primary 
furnace  is  charged  pig  iron,  preferably  molten  blast-furnace  metal,  and 
sometimes  a  small  portion  of  scrap,  if  desired,  together  with  a  liberal 
addition  of  ore,  or  other  oxides  of  iron  and  limestone.  Into  the  finish¬ 
ing  furnace  is  charged  scrap  and  sometimes  additions  of  pig,  with  a 
small  quantity  of  limestone  and  ore.  In  a  general  way,  the  most 
impure  materials  are  charged  into  the  primary  furnace  and  the  purest 
materials  into  the  secondary  furnace. 

The  primary  furnace  is  heated  for  about  three  hours,  when  the  highly 
basic  slag  absorbs  most  of  the  silicon  and  carbon,  and  the  other  metal¬ 
loids  are  considerably  reduced.  The  finishing  furnace  is  charged  later 
than  the  primary,  and  its  contents  brought  to  a  pasty  or  molten  condi¬ 
tion.  The  primary  furnace  is  then  tapped  and  its  metallic  charge  run 
into  the  finishing  furnace,  all  of  the  slag  of  the  primary  being  retained 
or  skimmed  off.  When  the  two  metals  mix  in  the  finishing  furnace,  a 
rapid  reaction  ensues  for  about  a  quarter  of  an  hour,  when  the  phos¬ 
phorus  content  is  then  generally  reduced  to  a  satisfactory  minimum. 
The  heat  is  then  finished  by  additions  of  ferro-manganese  or  spiegel  and 
tapped  in  the  usual  way.  The  metallic  charges,  as  in  all  processes  of 
this  kind,  depend  upon  the  relative  values  of  pig  and  scrap.  When 
scrap  is  dear,  none  is  charged  into  the  primary,  or  vice  versa;  or  the 
charge  of  the  secondary  may  contain  no  pig. 

The  general  theory  of  this  process  is  to  perform  the  rough  work  on 
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the  most  impure  materials  in  a  separate  furnace  and  to  prevent  the  im¬ 
pure  slap;  thus  created  from  affecting  the  rapid  finishing  of  the  partly 
purified  metals  in  the  secondary  furnace.  Recent  reports  upon  this 
process,  operating  with  two  furnaces  of  15  tons  capacity,  show  an 
average  product  of  eight  heats  per  day  from  the  combined  furnaces, 
or  forty-eight  heats  per  week,  or  an  average  product  of  about  720  tons 
per  week.  Blast-furnace  metal  of  the  following  composition: 

C.  Phos.  Si.  Ms. 

3.5  1.5  1  0.4 

when  run  out  of  the  primary  furnace,  is  refined  as  follows: 

C.  Phos.  Si.  Ms. 

2.4  0.10  to  0.20  trace  trace 

The  ore  charged  contains  about  65  per  cent,  metallic  iron  and  is  ap¬ 
proximately  about  one-fourth  the  weight  of  the  metallic  charge  and 
limestone  about  10  per  cent,  of  the  metallic  charge;  Spiegel  and  ferro¬ 
manganese,  about  2.5  to  3  per  cent,  of  the  metallic  charge.  <  h  er  one- 
half  of  the  sulphur  content  of  the  metal  is  usually  removed  in  the  pro¬ 
cess.  There  is  a  large  discharge  of  slag  from  the  primary  furnace 
which  usually  contains  considerable  phosphoric  acid  and  i>  valuable 
as  a  fertilizer.  It  is  claimed  that  by  this  process  the  fuel  and  lime- 
stone  and  refractories  are  somewhat  reduced,  as  compared  to  the  older 
method,  and  the  output  increased  over  the  ordinary  single  furnace 
method  about  70  per  cent.  The  process  seems  to  be  especially  advan¬ 
tageous  when  very  impure  materials  have  to  be  treated. 


Talbot  Process. 

A  rolling  furnace  of  large  capacity  is  desirable.  Furnaces  of  70  to 
100  tons  capacity  are  now  in  use;  one  of  200  tons  capacity  is  ready  for 
operation,  and  even  larger  furnaces  are  considered.  The  initial  charge 
having  been  boiled  down  to  a  finish  in  the  usual  way,  a  steel  cast  of 
one-fourth  or  more  of  the  total  charge  is  made,  the  slag  being  retained 
in  the  furnace.  After  pouring,  a  charge  of  solid  oxides  of  iron,  such  as 
ore  or  mill  scale,  or  heating  furnace  cinder,  is  added  and  melted;  also, 
an  addition  of  limestone,  and  through  this  highly  basic  slag  the  fresh 
charge  of  molten  iron  is  poured.  A  very  active  ebullition  or  reaction 
follows  for  a  period  of  ten  or  fifteen  minutes,  during  which  almost  all 
the  silicon  and  a  portion  of  the  other  metalloids  are  oxidized  or  taken 
up  by  the  slag  from  the  molten  iron.  A  large  part  of  the  slag  thus 
created  is  drawn  off.  Fresh  additions  of  oxide  of  iron  and  lime  are 
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charged  and  the  whole  charge  worked  down  to  finished  steel  in  the  usual 
way.  Then  a  portion  of  this  finished  steel  is  cast  as  before  and  the 
process  repeated  continuously.  From  a  furnace  of  70  tons  capacity, 
metal  charges  and  steel  casts  of  20  to  30  tons  are  made,  with  a  product 
of  over  thirty  20-ton  heats,  or  about  650  tons  per  week.  This  is  made 
from  pig  iron  having  the  following  average  composition: 

C.  Si.  Sulph.  Phos.  Mn. 

3.7  1  0.06  0.90  0.40 

With  the  above  amount  of  molten  pig  per  week  will  be  used 
about  80,000  pounds  iron  ore,  10,000  pounds  manganese  ore,  120,000 
pounds  of  cinder  and  scale,  100,000  pounds  of  limestone,  and  5000 
pounds  of  ferro-manganese  and  silico-spiegel,  the  average  results  being 
106  per  cent,  yield,  or  6  per  cent,  more  steel  product  than  the  weight  of 
the  pig  metal  charged.  This  process  is  best  adapted  for  handling  pig 
metal  alone.  Scrap  can  be  passed  through  the  cupola,  if  a  cupola  is 
used  for  melting,  and,  if  desired,  preheated  scrap  could  be  charged. 

Monell  Process. 

By  this  process  either  pig  and  ore  or  pig  and  scrap  can  be  used,  as 
desired.  Limestone  and  a  large  quantity  of  iron  ore  are  charged  on 
the  hearth  of  a  basic  furnace,  and  the  charge  heated  until  it  is  pasty  or 
nearly  fused.  On  this  heated  material  is  poured  the  full  charge  of  the 
furnace  of  molten  iron.  A  rapid  reaction  occurs  and  the  impure  slag 
thus  created  is  tapped  off  at  a  suitable  cinder  notch.  In  about  an  hour 
the  bath  is  nearly  free  from  silicon  and  manganese,  and  the  carbon  of 
the  pig  metal  is  reduced  about  one-half.  About  three-quarters  of  the 
slag  thus  created  being  removed,  the  heat  is  then  boiled  down  to  a 
finish  with  small  additions  of  ore  and  lime  in  the  usual  way.  Blast¬ 
furnace  iron  of  the  following  composition  is  found,  after  the  initial 
reaction  takes  place,  to  have  the  composition  hereafter  shown : 


C.  Phos.  Si.  Mn.  Sulph. 

Blast-furnace  metal, . 4.00  0.065  0.70  0.85  0.06 

After  reaction, . 2.25  0.04  0.00  0.00  0.04 


From  a  fixed  furnace  of  40  tons  capacity,  seventeen  heats  per  week 
are  produced,  or  a  period  of  eight  or  nine  hours  per  heat  is  required, 
being  a  total  of  690  tons  per  week.  The  average  yield,  or  gain  in  steel 
over  pig  metal  charged,  is  102  per  cent.  It  is  claimed  to  be  desirable 
to  work  the  metal  at  as  low  a  temperature  as  it  will  slag  properly  to 
facilitate  the  removal  of  the  phosphorus.  When  the  temperature  is 
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high,  the  phosphorus  clings  to  the  metal  and  boils  out  slowly  with  the 
carbon,  whereas  at  a  lower  temperature,  phosphorus  leaves  before  the 
carbon.  In  a  40-ton  furnace  the  usual  preliminary  charge  is  07, 000 
pounds  of  limestone,  with  about  24,000  pounds  of  hematite  ore,  or  a 
portion  of  its  equivalent  of  mill  scale.  These  are  heated  for  an  hour 
and  a  half,  until  the  ore  is  nearly  fused.  About  88,000  pounds  of 
liquid  metal  are  then  charged.  The  boil  or  reaction  occurs  at  once 
and  the  impure  slag  is  drawn  off  within  an  hour,  and  a  small  charge  of 
ore  and  lime  is  then  added  and  the  metal  finished  in  the  usual  way. 
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THE  ARID  DISTRICT  BETWEEN  THE  RIO  GRANDE  AND  THE 
PACIFIC  TRAVERSED  BY  THE  ENGINEERS  OE  THE 
MEXICAN  BOUNDARY  COMMISSION  IN  1892-91 


PROF.  OSCAR  C.  S.  CARTER. 

Read  May  17,  1902. 

The  following  article  is  a  review  and  discussion  of  the  Report  of  the 
Mexican  Boundary  Commission.  The  work  done  by  the  engineers 
and  every  one  connected  with  this  government  expedition  is  deserv¬ 
ing  of  the  highest  praise  and  worthy  of  much  more  than  a  passing 
notice;  it  was  carefully  and  thoroughly  done  and  adds  much  to  our 
knowledge  of  the  topography,  geography,  climate,  fauna,  and  flora 
of  a  section  of  country  most  of  which  is  unsettled  and  of  which  there 
were  no  accurate  maps  in  existence.  Moreover,  the  erection  of  258 
monuments  xvas  a  stupendous  undertaking;  219  of  these  were  of  iron 
and  were  transported  across  as  absolute  deserts  as  the  Sahara. 

Temperature  of  Desert. — The  desert  of  the  Colorado  River  is  as  hot 
and  even  hotter  than  this  oft  referred  to  desert.  The  temperature 
and  other  measurements  were  made  with  accurate  instruments  in  the 
hands  of  scientific  men,  who  present  clearly  before  the  American  public 
facts  and  descriptions  of  our  great  deserts  of  the  Southwest  of  which 
the  geographers  and  text-book  writers  have  been  ignorant.  First 
Lieutenant  D.  D.  Gaillard,  Corps  of  Engineers,  member  of  the  Boun- 
darv  Commission,  savs:  “Our  own  Colorado  Desert  holds  the  world’s 
record  for  extreme  heat,”  and  cpiotes  Professor  Mark  W.  Harrington^ 
Chief  of  Weather  Bureau  in  1892,  in  his  Bulletin  on  the  Climate  and 
Meteorologv  of  Death  Valley,  California,  which  gives  the  following 
table : 

Maximum  Temperature 
( Fahrenheit )  in  Shade. 


Mammoth  Tank,  Colorado  Desert,  California, . 128.0° 

Pachpadra,  Rajpootana,  India, . 123.1° 

Jacobabad,  Sinde,  India, . 122.2° 

Death  Valley,  California,  . 122.0° 

Dera  Ismaeel,  Kahn,  Punjab,  India, . 121.5° 

Hyderabad,  Sinde,  India, . 121.0° 

Gardaia,  Algerian  Sahara,  Africa, . 118.4° 

Mooltan,  Punjab,  India, . 118.4° 
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Temperatures  of  130°  I  .  in  the  shade,  which  are  sometimes  quoted 
for  other  localities,  are  generally  looked  on  with  suspicion;  either  the 
instruments  are  not  accurate  and  standard  or  the  thermometer  was 
not  properly  shielded  from  radiated  and  reflected  heat.  In  fortu¬ 
nately,  it  is  not  the  shade  temperature  which  one  has  to  contend  with 
in  traveling  across  the  desert.  The  traveling  is  done  in  tin*  open,  and 
the  low,  leafless  flora  of  the  desert  are  useless  for  shelter.  The  temper¬ 


atures  quoted  later  are  reliable. 

IFu/cr. — To  persons  unfamiliar  with  the  deserts  of  the  Southwest, 
it  will  appear  that  undue  prominence  has  been  given  to  the  question 
of  water.  It  is  only  necessary  to  call  attention  to  the  fact  that  sup¬ 
plying  the  working  parties  with  water  on  the  desert  was  the  problem 
of  the  survey  in  comparison  with  which  all  other  obstacles  sink  into 
insignificance.  To  the  traveler  in  the  desert  the  all-important  ques¬ 
tions  are  the  distance  to  the  next  water,  the  nature  of  the  supply,  and 
the  character  of  the  intervening  roads,  for  while  he  may  be  able  to  live 
without  food  for  several  days,  he  knows  that,  exposed  to  the  scorching 
heat  of  summer,  men  drinking  their  fill  of  water  at  sunrise  frequently 
become  crazed  and  in  some  cases  perish  of  thirst  before  sunset.  Nor 
must  it  be  forgotten  that  at  such  times  so  profuse  is  perspiration  and 
so  rapid  its  evaporation  that  frequently  the  quantity  of  water  con¬ 
sumed  by  the  men  and  animals  is  very  large,  averaging  at  one  period 
of  the  survey  about  seven  quarts  per  day  for  the  men  and  twenty  gal¬ 
lons  per  day  for  the  animals.  Notwithstanding  the  intense  heat  on 
the  desert  during  the  day,  the  nights  are  cool.  This  is  due  to  rapid 
radiation  of  the  heat  into  space  in  this  dry,  clear,  and  almost  cloudless 
arid  tract.  Radiation  is  always  rapid  on  a  desert  because  there  is 
little  moisture  and  no  cloud  banks  to  act  as  a  blanket  and  retain  the 
heat  of  the  earth.  Toward  morning,  when  sleeping  in  the  open  desert, 
blankets  are  comfortable,  as  the  temperature  then  sinks  to  05°  1\ 

Re-marking  Boundarg. — The  re-marking  of  the  boundary  line  be¬ 
tween  these  two  republics  was  absolutely  necessary.  Constant  disputes 
and  complications  arose.  Men  settled  on  lands  near  the  boundary, 
and  sometimes  mines  would  be  discovered  near  the  line.  This  led 
to  disputes,  because  our  mining  laws  are  different  from  the  Mexican 
laws,  and  there  were  charges  of  interested  parties  moving  the  boundary 
marks  to  suit  themselves  or  destroying  them  altogether.  (  hie  notable 
example  of  inconvenience  was  the  town  of  Nogales,  containing  3500 
inhabitants  and  built  on  both  sides  of  the  boundary  line.  The  United 
States  settlers  built  right  up  to  the  boundary  line  of  a  street  50  feet 
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wide,  which  was  entirely  in  Mexican  territory.  The  custom  officials 
and  police  had  to  obtain  permission  from  Mexican  officials  to  patrol 
this  street. 

The  evasion  of  custom  duties  was  open,  yet  lawful.  Liquors  manu¬ 
factured  in  the  United  States  were  sold  to  consumers  in  a  saloon  on 
the  United  States  side  of  the  line,  and  cigars  made  in  Mexico  were  sold 
by  the  same  establishment  from  a  stand  in  front  of  the  saloon,  but  on 
the  Mexican  side.  Thus  consumers  could  obtain  duty-free  liquors  and 
cigars  from  the  same  manager.  At  this  town  there  is  a  United  States 
and  also  a  Mexican  custom  house. 

To  put  an  end  to  boundary  disputes,  a  convention  between  the  two 
governments  was  concluded  at  Washington,  in  1882,  and  an  Inter¬ 
national  Boundary  Commission  agreed  on,  which  had  power  to  erect 
new  monuments.  The  first  boundary  between  the  United  States  and 
Mexico  was  determined  in  1848  and  signed  at  the  city  of  Guadalupe 
Hidalgo. 


The  agreement  between  the  two  countries  was  as  follows:  “  The 
boundary  line  between  the  two  republics  shall  commence  in  the  Gulf 
of  Mexico,  three  leagues  from  land,  opposite  the  mouth  of  the  Rio 
Grande,  or  opposite  the  mouth  of  its  deepest  branch,  if  it  should  have 
more  than  one  branch  emptying  directly  into  the  sea;  thence  up  the 
middle  of  the  river  following  the  deepest  channel  where  it  has  more 
than  one,  to  the  point  where  it  strikes  the  southern  boundary  of  New 
Mexico;  thence  west  along  southern  boundary  of  New  Mexico  (which 
runs  north  of  the  town  called  Paso),  to  its  western  termination;  thence 
northward  along  the  western  line  of  New  Mexico  until  it  intersects 
the  first  branch  of  the  river  Gila  (or,  if  it  should  not  intersect  any 
branch  of  that  river,  then  to  the  point  on  the  said  line  nearest  to  such 
branch  and  thence  in  a  direct  line  to  the  same) ;  thence  down  the 
middle  of  said  branch  and  of  said  river  until  it  empties  into  the  Rio 
Colorado;  thence  across  the  Rio  Colorado,  following  the  division  line 
between  Upper  and  Lower  California  to  the  Pacific.” 

This  boundary  was  afterward  modified  by  the  Gadsen  treaty  of  1853. 
The  boundary  line  between  the  two  Calif ornias  was  retained  as  before, 
but  the  new  treaty  read  as  follows:  “Beginning  in  the  Gulf  of  Mexico 
three  leagues  from  land,  opposite  the  mouth  of  the  Rio  Grande,  as  pro¬ 
vided  in  the  former  treaty;  thence,  as  defined  in  said  article,  up  the 
middle  of  that  river  to  the  point  where  the  parallel  of  31°  47'  north 
latitude  crosses  the  same;  thence  due  west  100  miles;  thence  south  to 
the  parallel  of  31°  20'  north  latitude;  thence  along  said  parallel  of 
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31°  20'  to  111  meridian  of  west  longitude;  thence  in  a  straight  lira* 
to  a  point  on  the  Colorado  River  20  English  miles  lielow  the  junction 
of  the  Gila  and  Colorado  Rivers;  thence  up  the  middle  of  said  river 
Colorado  until  it  intersects  the  present  line  between  the  Enited  States 
and  Mexico.”  By  the  Gadsen  treaty  a  great  deal  of  additional  terri¬ 
tory  was  added  to  the  United  States  south  of  the  Gila  River,  in  what 
is  now  called  Arizona. 

The  general  reader  will  naturally  inquire  why  the  boundary  line 
begins  18  miles  from  shore  in  the  Gulf  of  Mexico.  True,  the  coast  line 
of  the  Gulf  is  a  new  one  in  a  geological  sense,  but  recently  uplifted  and 
hence  little  indented  or  dissected  by  inlets,  bays,  and  harbors,  like 
the  old  coast  lines.  Perhaps  they  wished  to  make  allowance  for  any 
new  land  that  might  be  made  by  slow  elevation  of  the  coast  line  and 
recession  of  the  waters.  Be  this  as  it  may,  the  science  of  physiog¬ 
raphy  and  topography  was  in  its  infancy  in  1848.  The  boundary  line 
is  to  be  opposite  the  mouth  of  the  deepest  branch  of  the  Rio  <  Irande, 
if  it  should  have  more  than  one  branch  emptying  into  the  sea,  and 
thence  up  the  middle  of  the  river,  following  the  deepest  channel. 
Rivers  are  convenient  boundary  lines,  but  unfortunately  they  some¬ 
times  shift  their  currents,  migrate,  and  form  entirely  new  channels, 
leaving  the  old  beds  dry.  The  Rio  Grande,  however,  only  flows  over 
the  flat,  sandy,  coastal  plain  in  its  lower  course. 

Old  Boundary  and  New. — In  1848,  in  order  to  mark  the  boundary, 
forty-seven  monuments  were  placed  between  the  Rio  Grande  and  the 
Colorado  River,  and  six  marked  the  southern  boundary  of  California. 
Of  these  fifty-three  monuments  said  to  have  been  erected  along  the 
boundary  line,  it  was  found  on  inspection  that  they  were  mostly  rude 
piles  of  stones,  readily  moved,  and  not  monuments.  They  were  30 
miles  apart,  and  in  one  instance  101  miles. 

The  work  of  the  new  commission  was  to  erect  258  monuments,  so 
that  the  distance  between  any  two  shall  not  exceed  8000  meters,  and 
be  closer  together  when  the  country  is  inhabited.  \Y ’here  stone  shall 
be  found  in  sufficient  quantity,  the  monuments  may  be  of  stone;  and 
in  other  localities  shall  be  of  iron  or  steel,  in  the  form  of  a  simple,  taper¬ 
ing,  four-sided  shaft  with  pediment,  rising  above  t lie  ground  to  a  height 
of  6  feet.  The  size  at  the  base  to  be  12  inches  square  and  at  the  top 
9  inches  square.  The  iron  was  2  centimeters  in  thickness,  and  the 
entire  weight  about  500  pounds. 

As  many  as  could  be  transported  on  wagons  were  cast  whole;  but 
for  localities  inaccessible  to  wagons,  the  monuments  were  cast  in  sec¬ 
tions  for  transportation  on  pack  mules. 
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The  estimated  cost  of  each  monument,  including  concrete  base,  trans¬ 
portation,  and  setting  in  place,  was  $100,  but,  owing  to  difficulties  of 
transportation,  reached  $150  per  monument. 

It  was  considered  inexpedient  to  surround  all  monuments  near 
towns  with  fences,  and  only  three  were  thus  protected.  Each  monu¬ 
ment  had  this  inscription  in  English  and  Spanish:  “The  destruction 
or  displacement  of  this  monument  is  a  misdemeanor  punishable  by 
the  United  States  or  Mexico.” 

Commission. — The  President  of  the  United  States  appointed  Lieu¬ 
tenant-Colonel  Barlow,  Corps  of  Engineers;  First  Lieutenant  D.  D. 
Gaillard,  Corps  of  Engineers;  and  Mr.  A.  F.  Mosman,  Assistant  in 
Coast  Survey,  members  of  the  Commission.  Mexico  appointed  Senor 
Blanco  (a  thorough  English  scholar),  Engineer-in-Chief,  and  Senores 
Felipe  Valle  and  Jose  Tamborrel,  Associate- Engineers.  These  com¬ 
missioners  met  and  made  arrangements  for  the  survey. 

The  whole  American  force  was  divided  into  detachments:  an  as¬ 
tronomical  party  for  determining  latitude  and  azimuth,  a  tangent 
party,  a  topographical  party.  Twenty  men  were  employed  as  team¬ 
sters,  packers,  cooks,  and  helpers,  the  aggregate  number  of  employees 
of  all  classes  being  about  sixty.  In  addition,  a  quartermaster,  a  pho¬ 
tographer,  and  a  surgeon  accompanied  the  party,  and  a  military  escort 
of  twenty  men  of  the  Tenth  Cavalry,  Lieutenants  P.  E.  Trippe  and 
R.  F.  Paxton  commanding,  and  thirty  men  of  the  Twenty-fourth  In¬ 
fantry,  under  Lieutenant  J.  R.  Seyburn.  The  transportation  and 
camp  equipage  was  of  excellent  quality  and  was  as  follows:  seven 
four-mule  baggage  wagons,,  three  six-mule  water-tank  wagons,  three 
two-mule  light  spring  wagons,  one  two-mule  buckboard,  one  four-mule 
ambulance,  twenty-five  mules  for  packing,  eighty-three  mules  in  all, 
and  fourteen  saddle  ponies.  Of  cooks  and  teamsters  few  remained 
permanently,  and  many  changes  were  made. 

Water. — The  great  difficulty  was  to  obtain  water.  For  many  miles  no 
water  at  all  could  be  obtained,  and  when  obtained  it  was  strongly  alka¬ 
line.  The  average  rainfall  along  the  entire  boundary  is  but  8  inches 
per  year.  Here  in  Pennsylvania  we  have  about  40  inches,  and  in 
Washington  and  Oregon  about  100  inches.  On  the  Yuma  and  Colorado 
deserts,  over  which  they  passed,  only  2  to  3  inches  of  rain  fell  per  year. 

One  fact  of  peculiar  interest  is  that  between  the  Rio  Grande  and 
the  Pacific,  a  distance  of  700  miles,  they  crossed  but  five  permanent 
running  streams,  notwithstanding  the  valleys  and  mountains  were 
crossed  at  right  angles,  a  direction  favorable  for  meeting  streams. 
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Drought. — The  entire  country  from  the  Rio  Grande  to  the  Colorado 
during  the  summers  of  1890  to  1893  suffered  from  a  drought  of  un¬ 
precedented  severity  and  duration.  This  state  of  affairs  added  greatly 
to  the  expense  and  difficulties  of  the  survey.  Vegetation  was  parched, 
water  holes  dried  up,  and  scarcely  any  grass  was  left  for  the  famishing 
cattle.  The  long  drought  was  broken  by  an  abundance  of  rain  in 
July  and  August,  1893.  The  small  rainfall  of  this  region  occurs  at  two 
periods — midwinter  and  midsummer.  The  latter  rainfall  is  greater, 
and  this  period  is  known  as  the  rainy  season. 

Vegetation. — After  the  first  summer  rain,  about  July  1st,  vegeta¬ 
tion  assumes  a  spring-like  character;  the  leaves  appear  and  the  hills 
are  covered  with  grass  and  wild  flowers.  These  grow  with  great 
rapidity  and  seeds  mature  before  the  middle  of  September.  In  a 
short  time  they  have  the  dull  colors  of  fall.  Thus  in  three  or  four 
months  vegetation  there  enjoys  its  spring,  summer,  and  autumn. 

The  general  characteristics  of  the  country  are  as  follows:  There 
are  bare,  jagged  mountains  rising  out  of  the  plains  like  islands  from 
the  sea.  There  is  plenty  of  evidence  of  volcanic  action  in  times 
geologically  recent.  The  mountains  have  a  general  north-and-south 
trend  and  are  parallel  with  themselves  and  the  Pacific  Coast.  There 
is  absence  of  trees  in  general,  and  evergreen  vegetation  predomi¬ 
nates,  such  as  cacti  and  thorn-like  forms.  The  common  trees  and 
shrubs  have  a  resinous  odor  and  the  flowers  are  generally  without 
fragrance. 

Few  Towns. — The  entire  country  along  the  boundary  line  is  thinly 
settled.  The  only  towns  of  any  size  are  Bisbee,  Santa  Cruz,  Nogales, 
Yuma,  and  San  Diego. 

With  the  exception  of  these  towns  and  several  settlements  within 
20  miles  of  the  boundary  line  the  country  is  practically  uninhabited. 
Excepting  the  above,  there  are  probably  less  than  100  permanent 
inhabitants  within  this  area  of  24,000  square  miles. 

Mining  and  stock-raising  are  the  principal  occupations  of  the  settlers. 
Although  the  soil  is  fertile,  the  great  scarcity  of  water  makes  agricul¬ 
ture  almost  impossible. 

Roads. — But  for  sandy  stretches  on  the  deserts,  many  miles  in 
length,  and  rough  passes  through  the  mountains,  the  natural  roads 
along  the  boundary  are  very  good.  It  is  rather  remarkable  that 
this  boundary  line  between  the  Rio  Grande  and  Colorado  follows 
almost  exactly  the  summit  of  the  divide  which  separates  the  river 
flowing  north  into  the  Ended  States  from  those  flowing  south  into 
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Mexico.  On  the  summit  of  San  Luis  Range  the  boundary  line  reaches 
its  greatest  elevation  about  6600  feet  above  the  sea. 

Swings. — In  the  mountainous  regions  springs  were  found.  Near 
Monument  55  is  Dog  Spring,  where  there  is  a  cattle  ranch  and  ex¬ 
cellent  water  for  7000  animals  and  good  grass  for  grazing.  Six  miles 
southwest  of  White  Water  Hills  excellent  water  was  obtained. 

This  particular  section  abounds  in  game  and  is  a  hunters’  paradise. 
Hundreds  of  antelopes  roam  over  the  valleys,  and  deer,  bear,  and 
turkeys  are  plentiful  in  the  mountains. 

Near  Monument  66,  at  San  Luis  Spring,  good  water  was  obtained. 
The  settlements  near  there  were  abandoned  during  the  raids  of  Gero- 
nimo,  the  Apache  chief,  and  settlers  are  now  afraid  of  a  small  band  of 
Chir-a-ca-hua  Apaches  who  have  eluded  the  United  States  troops. 

Sierra  de  los  Pajaritos. — Monument  127  is  situated  in  the  Sierra 
de  los  Pajaritos,  beyond  Nogales.  These  mountains  are  of  porphyry, 
basalt,  and  cyanite,  and  volcanic  breccia.  Gold  and  silver  veins  are 
common  and  placer  gold  is  obtained.  The  boundary  line  runs  for 
21  miles  across  these  mountains,  which  are  covered  with  oak,  juniper, 
and  manzanita,  while  in  the  canons  walnut,  sycamore,  and  ash  are 
found. 

The  view  for  100  miles  in  all  directions  is  grand  beyond  description. 
During  the  rainy  season  the  hills  are  full  of  wild  flowers.  There  is 
underground  drainage  here,  as  permanent  streams,  like  Altar  River 
and  Nogales  Creek,  derive  drainage  from  the  mountains.  There  is 
no  surface  water  in  the  mountains  during  the  dry  season.  These  were 
the  last  timber-covered  mountains  encountered  by  the  survey  until 
the  Coast  Range  in  California  was  met.  In  the  mountains  just  de¬ 
scribed  the  giant  cactus  ( Cereus  giganteus ),  called  luguaro  by  the 
Mexicans,  was  seen  for  the  first  time. 

After  leaving  the  Sierra  de  los  Pajaritos,  the  Baboquivaro  Valley 
is  passed.  It  is  bare  of  trees  and  bushes,  but  covered  with  wild  flowers 
during  the  rainy  season.  The  peak  venerated  by  the  Papago  Indians 
as  the  abode  of  their  god  rises  from  the  plain.  Thousands  of  horses 
and  cattle  find  pasturage  in  this  valley,  but  the  lake  dries  up  in  the 
stream  and  water  must  be  pumped  from  artesian  wells  700  feet  deep. 

At  the  foot  of  these  mountains  is  located  the  Papago  rancheria  of 
Pozo  Verde,  a  name  given  here  to  these  mountains  from  a  fine  spring 
which  is  the  only  natural  water,  with  the  exception  of  Sonoyta,  until 
the  Colorado  River,  200  miles  distant,  is  reached.  The  rancheria  con¬ 
sists  of  35  adobe  huts,  which  contain  a  population  of  150  Indians, 
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who  own  700  head  of  cattle  and  horses.  From  this  place  on  to  the 
Colorado  River  one  of  the  hottest  and  most  absolute  deserts  in  the 
world  is  encountered. 

Sand  Storm. — In  this  valley  a  sand  storm  occurred  of  frightful 
violence.  The  bright  sun  was  soon  overcast  and  the  storm  burst  in 
all  its  fury,  filling  the  atmosphere  to  a  height  of  7(H)  feet  with  sand 
and  loose  soil.  It  became  black  as  midnight ;  respiration  became  im¬ 
possible  except  through  a  handkerchief.  The  storm  lasted  half  an 
hour,  but  dust  still  filled  the  air  two  hours  afterward. 

The  above  brief  description  of  a  country  where  trees  and  springs 
were  found  was  given  to  show  that  all  the  country  is  not  a  desert; 
but  it  is  apparent  that  trees  and  springs  are  in  or  near  the  mountains. 

Papago  Indians. — Along  the  boundary,  on  both  sides  of  the  line 
between  Baboquivaro  Mountains  and  the  Sierra  de  las  Tinajas  Altas, 
is  found  Papagueria,  a  region  as  little  traveled  and  as  little  known  by 
white  men  as  any  in  our  country.  It  is  settled  exclusively  bv  Papagos, 
a  tribe  which  numbers  7000  persons,  only  one-half  of  whom  reside 
within  the  limits  of  the  United  States.  The  entire  region  is  a  hopeless 
desert,  on  which  none  but  these  hardy  Indians  could  find  subsistence. 
The  houses  are  of  adobe,  with  fences  of  mesquite  brush,  these  Indians 
leave  their  rancherias  and  scatter  to  the  water  holes  as  soon  as  the 
first  July  rain  begins,  and  plant  corn,  beans,  pumpkins,  and  melons; 
dams  are  repaired  and  irrigation  ditches  cleaned.  As  the  rainfall  is 
only  three  or  four  inches  a  year,  they  lose  no  time.  Owing  to  the 
fertility  of  the  soil  and  the  heat,  crops  mature  rapidly,  and  in  three 
or  four  months  they  return  to  their  rancherias  again. 

During  June  and  July  the  food-supply  is  increased  from  the  giant 
cactus,  which  ripens  then  and  is  gathered  by  the  squaws.  Some  is 
eaten  fresh  and  some  dried  for  winter  use,  and  some  boiled  into  pre¬ 
serves.  They  also  make  from  it  a  fermented  drink  slightly  intoxi¬ 
cating,  and  one  which  is  not  intoxicating. 

They  make  long  excursions  to  the  mountains  to  gather  acorns 
for  food,  and  when  food  is  scarce  use  mesquite  beans  and  seeds  of 
certain  grasses.  They  cannot  be  particular  about  food  in  the  desert. 
They  are  an  intelligent  tribe,  peaceably  disposed  to  tin*  United  States 
and  Mexico,  but  have  a  fierce  hatred  for  their  old  enemies,  the  Apaches. 
The  men  were  well  armed  and  good  hunters  and  tin*  squaws  good 
looking.  They  did  not  steal  anything  notwithstanding  the  escort 
camped  many  miles  from  the  working  parties.  The  Papagos  look 
with  longing  for  the  coming  of  Moctezunia,  their  promised  Me>siah, 
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who  is  to  right  all  wrongs  and  make  the  arid  desert  a  garden.  The 
doors  face  the  east,  so  when  he  comes  with  the  rising  sun,  the  doors 
are  open  for  him  to  enter. 

A  few  miles  distant  is  the  Sonoyta  River,  a  typical  stream  of  the 
southwest.  It  is  12  feet  wide  and  6  or  8  inches  deep.  The  rivers  in 
the  arid  country  of  the  southwest  are  only  small  creeks.  On  account 
of  the  slight  rainfall,  dry  air,  and  rapid  evaporation,  rivers  are  out 
of  the  question. 

Sonoyta. — Sonoyta  was  a  little  agricultural  village,  but  families  moved 
away,  until  now  only  half  a  dozen  Mexican  families  remain.  A  heavy 
rain  once  washed  the  river  bed  so  low  below  the  level  of  the  fields 
that  they  could  not  irrigate  and  they  had  not  ambition  to  construct 
a  dam  to  raise  the  level  of  the  Tvater.  Abandoned  fields  and  mag¬ 
nificent  fig  trees,  which  perish  for  the  want  of  water,  are  reminders 
of  past  prosperity.  The  valley  of  the  Sonoyta  is  fertile  and  shows 
evidence  of  having  been  under  cultivation  in  the  past.  The  other 
inhabitants  are  the  Papagos,  who  do  some  placer  mining. 

Gold. — Rich  gold  mines  have  been  located  at  San  Antonio,  thirty 
miles  south  of  the  line,  but  the  absence  of  water  renders  it  difficult 
and  expensive  to  develop  them. 

Salt. — Not  far  distant,  near  the  foot  of  Sierra  Pinacate,  are  immense 
salt  beds  which  are  inaccessible  on  account  of  the  sandy  roads  and 
absence  of  water.  . 

Giant  Cactus. — Nowhere  along  the  boundary  does  the  cactus  grow 
so  luxuriantly  as  on  the  foothills  of  Sonoyta  Valley.  The  giant 
cactus  ( Cereus  giganteus)  here  attains  a  height  of  40  or  50  feet  and 
forms  forests.  One  is  apt  to  compare  it  in  uncouth  outlines  with  the 
vegetation  of  the  carboniferous  period.  Another  large  and  striking 
cactus  found  here  is  called  pitahaya  by  the  Mexicans,  who  esteem  it 
very  highly  for  its  most  palatable  fruit.  It  consists  of  a  cluster  of 
incurving  stems  several  inches  in  diameter  and  10  to  15  feet  in  height,, 
which  are  covered  with  coarse,  hair-like  spines.  Neither  of  these 
cacti  is  the  species  from  which  the  traveler  is  supposed  to  obtain  a 
supply  of  water  in  the  desert.  The  cactus  that  furnishes  an  unwhole¬ 
some  sap  that  must  be  strained  from  the  pulp  is  the  Yisnaga  cactus, 
which  grows  to  a  height  of  4  feet.  It  is  a  difficult  matter  to  cut  into 
the  center.  Even  when  the  giant  cactus  dies,  the  ribs  are  used  as’  a 
foundation  on  which  the  Indians  form  their  mud  roofs.  They  also 
make  traps  and  household  furniture  from  the  ribs. 

Dreaded  Tide  Desert. — From  the  Sonoyta  Valley  the  survey  passed 
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on  to  the  dreaded  Tide  Desert.  Here,  during  the  month  of  July,  th* 
heat  was  intense;  the  maximum  in  the  shade  was  11S°  I  and  th<‘ 
mean  maximum  in  the  shade  for  the  whole  month  of  June  averaged 
110°  F.  The  standard  thermometer  used  was  not  graduated  suffi¬ 
ciently  high  to  give  the  temperature  in  the  sun  after  8  or  9  o’clock  v.  m., 
at  which  time  it  ranged  from  130°  to  140°  1  .  in  the  sun.  The  toin|>era- 
ture  in  the  shade  at  8  a.  m.  ranged  from  95°  to  105°  1'.,  a  rate  which 
would  indicate  an  average  maximum  temperature  in  the  sun  of  150° 
F.  during  June.  The  temperature  for  1893  was  in  excess  of  the  aver¬ 
age.  A  record  kept  at  Sonoyta  showed  it  to  he  the  hottest  June  for 
several  years.  The  breeze  was  so  hot  as  to  wither  vegetation  and  burn 
the  skin  as  would  the  heat  from  a  furnace,  rendering  it  necessary  in 
the  shade  to  screen  the  face  from  the  heat. 

The  Tide  Desert  is  wide  and  waterless,  dotted  with  extinct  vol¬ 
canoes  and  numerous  bare,  isolated  peaks  of  igneous  rocks,  jibout 
the  middle  of  this  desert  is  a  broad,  low  depression  called  Las  Playas, 
which  is  bordered  by  a  fringe  of  mesquite  and  greasewood.  Here  a  few 
water  holes  retain  water  after  a  rain  for  a  short  time.  W  est  of  thi> 
is  an  area  covered  with  lava  from  an  extinct  volcano. 

Camels  on  the  Desert. — Near  the  road  is  the  skeleton  of  a  camel, 
which  the  Mexican  guide  stated,  with  much  relish,  perished  of  thirst. 
Neither  the  Commission  nor  the  guide,  however,  knew  the  history  of 
that  camel.  A  herd  of  camels  was  brought  from  Asia  Minor  to  a  place 
near  Virginia  City,  Nevada,  in  the  early  days  before  the  railroad, 
when  the  Comstock  lode  was  in  its  glory.  Virginia  City  was  then 
almost  as  important  a  town  as  San  Francisco.  The  story  told  is  as 
follows:  There  was  a  group  of  rich  mines  25  miles  from  Virginia  City, 
that  were  yielding  an  abundance  of  rich  ore.  The  metal  could  not  be 
extracted  from  the  ore  on  account  of  lack  of  water;  hence  it  was  carried 
across  the  desert  on  mule  back.  This  desert  east  of  the  Sierras  lies 
in  the  Great  Basin  District.  The  mules  did  fairly  well  during  the 
winter  months,  although  they  were  a  great  expense.  The  ore  was 
carried  in  bags  slung  over  their  backs.  In  summer,  during  the  in¬ 
tense  heat,  the  pack  mules  carried  water  for  the  others;  but  they 
could  not  stand  the  intense  heat  and  dry  air.  and  perished  rapidly. 
But  the  mines  were  valuable  and  the  roads  not  passable  for  vehicles, 
and  some  one  suggested  that  the  miners  purchase  camels  to  carry  the 
ore.  About  thirty  camels  were  purchased  at  great  expense,  twenty 
of  which  came  direct  from  Asia  Minor  under  the  care  of  an  agent 
sent  from  Virginia  City.  The  camels  did  excellent  work  from  tin' 
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start.  After  a  breakfast  and  a  drink  of  a  couple  of  gallons  of  water 
they  would  carry  heavy  bags  of  ore,  strapped  over  the  hump,  all  the 
way  to  the  mills.  When  the  ore  was  dumped,  they  would  take  an¬ 
other  big  drink  and  were  turned  loose,  being  allowed  to  make  their 
way  back  to  the  mines  leisurely.  They  rarely  failed  to  be  on  hand 
the  next  morning  to  take  another  load  of  ore  to  the  mill.  Finally, 
the  railroad  came  and  the  camels’  work  was  at  an  end.  The  owners 
did  not  know  what  to  do  with  them.  For  months  the  patient  beasts 
waited  around  their  corral  ready  to  do  any  work,  but  their  owners 
had  nothing  for  them  to  do.  As  a  last  resort  they  were  turned  loose 
to  roam  where  they  pleased  and  get  their  living  as  best  they  could. 
Several  months  elapsed  before  they  wandered  away  from  the  settle¬ 
ment  which  was  their  home,  but  finally  the  start  was  made  and  they 
wandered  south  over  the  deserts  of  Arizona  and  New  Mexico  and 
even  crossed  the  boundary  line  into  Mexico.  The  cowboys  would 
occasionally  have  some  sport  trying  to  lasso  them,  but  they  would 
invariably  unhorse  them,  as  no  cowboy  could  hold  them.  They 
finally  decreased  in  numbers  and,  notwithstanding  the  fact  they  were 
running  wild,  they  seemed  to  desire  human  companionship  and  would 
wander  into  the  villages  and  allow  the  children  to  ride  them.  About 
five  years  ago  the  original  herd  of  thirty  had  dwindled  down  to  two, 
as  nearly  as  could  be  ascertained,  and  finally  one  of  the  pair  died, 
leaving  the  last  wild  camel  in  America  alone.  He  wandered  into  Yuma, 
Arizona,  about  a  year  ago,  when  the  Indians  in  the  outskirts  made  a 
tough  meal  of  him.  It  was  the  bleaching  bones  of  one  of  the  camels 
that  the  Mexican  guide  of  the  Boundary  Commission  pointed  to  in 
jest. 

Elevated  Tanks  of  Sierra  de  las  Tinajas. — After  leaving  the  Tule 
Desert  the  Gila  Range  is  encountered  and  is  known  here  as  Sierra  de 
las  Tinajas  Altas.  They  are  bare,  desolate,  rough,  and  jagged,  and 
so  steep  that  in  many  places  it  is  impossible  to  climb  them.  They 
are  a  coarse,  gray,  granitic  rock,  and  appear  as  if  they  were  washed 
in  past  ages  by  water  and  worn  smooth  and  indented  with  numerous 
cavities,  like  the  New  England  rocks  along  the  coast. 

During  the  early  sixties  there  was  a  large  influx  of  Mexicans  from 
Sonora  to  the  gold  diggings  on  the  Colorado  River,  and  an  enterprising 
Mexican  dug  two  wells  near  the  road  and  built  an  adobe  house  near  the 
Tule  Mountains.  He  stayed  for  two  years,  selling  water  to  travelers. 
But  deaths  from  thirst  became  so  frequent  along  this  road  that  the 
road  was  abandoned  and  has  not  been  used  for  twentv  vears.  The 
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survey  had  these  wells  cleaned  by  a  party  <>f  Mexicans  and  Papagos 
from  Sonoyta,  who  found  them  filled  up.  When  cleaned  they  yielded 
a  supply  of  500  gallons  per  day;  the  water  was  clear,  but,  owing  to 
the  presence  of  mineral  matter,  had  a  vile  taste  and  was  unwholesome. 

Some  six  miles  northwest  of  these  wells,  in  a  rocky  canon,  are  a 
number  of  natural  tanks  or-  holes  worn  in  the  rocks  and  sometimes 
filled  bv  rains.  These  tanks  will  hold  in  all  5000  gallons,  which  dis¬ 
appears  by  evaporation  as  the  rains  fill  them.  They  are  off  the  road 
and  cannot  be  reached  by  vehicles.  The  Papagos  camped  here  to 
hunt  the  big  horns  or  mountain  sheep,  which  are  plentiful  here  on 
account  of  rugged  mountains  and  deserts  which  surround  them,  and 
because  the  risk  of  death  is  great  for  hunters,  who  must  travel  long 
distances  without  water. 

On  the  east  side  of  Sierra  de  las  Tinajas,  three  and  a  half  miles  from 
the  boundary  line,  are  the  Tinajas  Altas,  a  series  of  natural  tanks 
worn  in  solid  rock  by  the  waters  of  a  narrow  rocky  valley  several 
hundred  feet  above,  which  during  the  infrequent  rains  come  tumbling 
down  the  narrow  gorge  and  fill  these  holes  called  tanks.  There  are 
several  large  ones  and  a  number  of  small  ones,  but  with  the  excep¬ 
tion  of  the  lowest,  which  can  be  reached  by  the  animals,  they  are  all 
difficult  of  access.  The  next  three  are  reached  with  difficulty  by 
climbing  the  steep  water-worn  rocks  on  the  left  of  the  gorge.  The 
upper  ones  can  only  be  reached  by  ascending  the  steep  ravine  to  a 
height  of  700  feet.  When  full,  these  tanks  hold  from  15,000  to  20,000 
gallons.  To  render  this  water  available  for  the  survey  it  was  siphoned 
from  the  upper  tanks  to  the  lower  by  a  suitable  length  of  hose.  The 
water,  although  covered  with  a  green  scum,  is  cool  and  palatable. 
Unless  consumed  by  prospectors  or  smugglers,  which  is  seldom  the 
case,  water  can  be  found  at  all  times  in  some  of  these  tanks,  as  there 
.is  no  loss  from  seepage  and  the  overhanging  walls  retard  evaporation. 
This  is  shown  by  the  fact  that  on  the  reconnoissancc  from  N  lima  to 
Quitobaquita,  in  the  winter  of  1893,  these  tanks  were  found  nearly 
half  full,  although  the  rainfall  at  Yuma  for  tin*  preceding  twelve 
months  aggregated  less  than  three-quarters  of  an  inch,  a  remarkable 
deficiency  for  even  this  dry  section. 

Death  from  Thirst. — That  this  water-supply  was  uncertain  when 
the  road  from  Sonoyta  to  Yuma  was  traveled  during  the  rush  to 
California  during  the  gold  excitement  in  the  fifties  is  apparent  from 
the  number  of  graves,  fifty  in  all,  on  the  bluff  just  east  of  the  tanks. 
These  graves,  covered  by  stones  laid  on  the  ground  in  the  form  of  a 
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cross,  mark  the  resting-place  of  thirsty  travelers,  who  had  pushed 
on  to  the  tanks  hoping  to  find  water  there,  but,  disappointed  in  this 
and  too  weak  to  journey  on,  had  perished  miserably  of  thirst,  their 
sufferings  aggravated  in  many  cases  by  the  knowledge  that  the  water 
they  craved  could  be  obtained  in  one  of  the  tanks  but  a  few  yards 
above  them  had  they  but  strength  to  climb.  Although  these  tanks 
are  but  little  known,  few  Americans  having  ever  visited  them,  yet 
it  is  interesting  to  know  that  they  are  shown  on  the  map  made  by 
Father  Kino,  the  Jesuit  Missionary  of  the  region  around  the  Gila  and 
the  Gulf  of  California,  as  the  result  of  his  travels  from  1698  to  1701. 

The  road  from  Sonovta  to  Yuma  passes  by  Agua  Dulce,  Agua 
Salada,  Tide  Wells,  and  the  Tinajas  Altas,  from  which  side  it  keeps 
the  east  side  of  the  mountain  range  and  parallel  to  it  to  the  valley 
of  the  Gila,  down  the  south  side  of  which  it  passes  until  the  town 
of  Yuma  is  reached. 

El  Camino  del  Diablo. — The  road  between  Agua  Dulce  and  Yuma 
is  for  the  most  part  heavy  and  sandy,  and  until  the  Tide  wells  were 
opened  no  supply  of  water  could  be  counted  on  between  Agua  Dulce 
and  the  Colorado  River.  The  Mexicans  called  this  road  “El  Camino 
del  Diablo.”  When  traveling  over  it  for  the  first  time,  it  is  hard  to 
imagine  a  more  desolate  or  depressing  ride.  Mile  after  mile  the 
journey  stretches  through  this  land  of  silence,  solitude,  and  sun¬ 
shine,  with  but  little  to  distract  the  eye  from  the  awful  surroundings, 
dreariness  and  desolation,  excepting  the  bleaching  skeletons  of  horses 
and  the  painfully  frequent  crosses  which  mark  the  graves  of  those  who 
perished  of  thirst,  grim  and  suggestive  reminders  when  the  traveler’s 
supply  is  running  low.  In  a  single  day’s  ride  sixty-five  of  these 
graves  were  counted  by  the  roadside,  one  containing  an  entire  family 
whose  horses  gave  out,  and  who,  unable  to  cross  the  scorching  desert 
on  foot,  all  perished  together  of  thirst.  Their  bodies  were  found  by 
some  travelers  during  the  following  rainy  season  and  all  were  buried 
in  one  grave.  Near  by  lie  the  skeletons  of  their  horses  and  the  broken 
fragments  of  their  water-bottles.  During  the  few  years  that  this  road 
was  much  traveled,  over  400  persons  were  said  to  have  perished  of 
thirst  between  Sonovta  and  Yuma,  a  record  without  a  parallel  in 
North  America. 

Yuma  Desert. — The  name  Yuma  Desert  is  applied  to  the  entire 
country  between  the  Gila  River,  the  Gila  Range,  the  Gulf  of  California, 
and  the  Colorado  River,  a  region  without  water  and  covered  for  the 
most  part  with  shifting  sands  and  a  scrubby  growth  of  greasewood. 
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Colorado  River. — The  Colorado  River,  like  the  Rio  Grande,  i'  a 
variable  stream  earning  an  immense  amount  of  sediment  and  navi¬ 
gable  by  light-draft  steamers  for  several  hundred  miles  above  it'  mouth. 
The  river  floods  in  June,  during  which  great  changes  in  its  channel 
take  place.  The  river  valley  along  this  section  is  many  miles  in 
width  and  is  covered  with  a  dense  growth  of  mesquite,  cottonwood, 
willow,  arrow-wood,  quelite,  and  wild  hemp.  The  soil  is  exceedingly 
fertile  from  frequent  inundations,  and  would  doubtless  produce  fine 
crops.  The  river  is  remarkable  for  the  exceedingly  high  tides  at  its 
mouth  and  for  the  bores  which  at  certain  phases  of  the  moon  come 
rushing  up  the  tidal  portions  of  the  stream  threatening  with  destruction 
all  small  craft  encountered. 

Indians  of  River  Valley. — The  river  valley  from  Yuma  to  the  Gulf 
is  inhabited  by  Yuma,  Co-co-pah,  and  Diegeno  Indians,  j>eaceable  and 
light-hearted  people,  fond  of  games,  and  excellent  swimmers,  and 
delighting,  like  all  savages,  in  painting  their  faces  and  bodies.  The 
men  are  noticeable  for  their  splendid  physique,  but  the  women  are 
generally  fat  and  unattractive  in  appearance.  As  a  rule  they  possess 
no  firearms,  and  on  the  lower  reaches  of  the  river  may  yet  be  seen 
hunting  with  the  bow  and  arrow.  They  still  cremate  their  dead, 
frequently  burning  at  the  same  time  the  rude  hut  and  personal  effects. 
The  Colorado  Desert  is  named  after  the  Colorado  River,  which  empties 
into  the  Gulf  of  California.  The  name  is  applied  to  the  entire  count ry 
included  between  the  mountains  north  of  the  Southern  Pacific  Rail¬ 
way  and  the  Colorado  River,  the  Gulf  of  California,  and  the  Coast 
Range. 

The  Strange  Salton  Sea. — There  is  an  alluvial  depression  in  this 
desert  near  the  Salton  River.  It  is  occasionally  covered  by  the  over¬ 
flow  of  the  Salton  and  New  Rivers,  tributaries  of  the  Colorado,  as 
was  the  case  in  1891,  when  their  overflow  filled  the  dry  bed  of  t  he  Sal¬ 
ton  Sea  and  threatened  to  submerge  the  tracks  of  the  Southern  Pacific 
Railway.  The  luxuriant  growth  of  an  amaranthus  (called  qucliti  by 
the  Mexicans),  also  of  mesquite  and  grass,  following  the  overflow  of 
the  temporary  Salton  Sea  in  1891,  furnished  fine  pasturage  for  several 
thousand  head  of  cattle  brought  there  from  the  overstocked  ranges 
of  California  and  Arizona. 

Coast  Range. — The  Coast  Range,  4500  feet  above  tide,  acts  as  a 
barrier  in  shutting  off  from  the  Colorado  Desert  the  moisture-laden 
winds  from  the  Pacific.  This  action  was  beautifully  shown  in  March, 
1893,  when  for  three  days  it  had  been  raining  continually  over  the 
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entire  country  west,  near  the  Pacific;  several  inches  of  rain  had  fallen. 
During  this  entire  period  a  gale  from  the  coast  was  driving  a  con¬ 
tinuous  mass  of  dark  rain-clouds  over  the  crest  of  the  Coast  Range; 
on  the  mountains  it  was  raining  and  snowing  alternately.  Encounter¬ 
ing  the  hot  air  rising  from  the  desert,  these  clouds  rapidly  began  to 
dissipate,  and  finally  disappeared  entirely  about  10  miles  east  of  the 
summit,  appearing,  when  viewed  below,  like  a  vast  cloud  of  steam 
exhausted  into  air.  The  entire  Colorado  Desert  is  subject  to  fre¬ 
quent  sand  storms,  and  constant  and  violent  winds  prevail  along  the 
foot  of  the  Coast  Range. 

Highest  Temperature  Recorded  in  the  United  States. — The  summer 
heat  is  fearful;  the  highest  temperature  ever  recorded  at  any  Weather 
Bureau  in  the  United  States — 128°  F.  in  the  shade — having  been 
obtained  in  July,  1887,  at  Mammoth  Tank,  a  station  on  this  desert 
about  25  miles  north  of  the  boundary.  Although  far  less  traveled 
than  before  the  advent  of  the  Southern  Pacific  Railway,  the  desert 
still  claims  its  victims,  over  half  a  dozen  persons  having  perished  of 
thirst  on  it  during  the  past  two  years. 

Wonderful  Mirage. — On  the  desert  the  mirage  continually  mocks 
the  traveler  with  deceptions  apparently  so  real  that  it  is  difficult  to 
persuade  him  that  what  he  sees  is  a  mere  atmospheric  freak  and  has 
no  actual  existence.  Craggy  peaks  are  seen  capped  by  similar  in¬ 
verted  peaks  which  become  flatter  and  finally  stretch  out  like  great 
arms  from  the  summit  and  unite  with  the  neighboring  peaks.  Once 
a  city  with  all  its  buildings  appeared  in  a  valley  many  miles  to  the 
north,  but  the  morning  sun  quickly  resolved  it  into  a  number  of  large 
boulders  near  the  foot  of  a  craggy  mountain.  The  most  common 
deception,  however,  is  seen  in  the  heat  of  the  day,  when  beautiful 
quiet  lakes  and  timber-fringed  ponds  lie  in  tantalizing  attractiveness 
apparently  but  a  few  hundred  yards  away.  So  perfect  are  the  details 
that  the  reflection  of  every  object  on  the  bank  is  faithfully  reproduced, 
and  it  is  little  wonder  that  the  travelers  unaccustomed  to  the  mirage 
are  lured  from  the  road  to  procure  the  water  which  ever  appears 
but  a  little  distance  ahead,  yet  is  never  reached.  It  was  also  in  the  heat 
of  the  day  that  distortions  of  size  and  form  of  animals  generally  oc¬ 
curred,  as  in  one  instance  a  band  of  wild  horses  were  mistaken  for  a 
herd  of  antelopes  and  followed  for  several  miles  as  such  before  the  mis¬ 
take  was  discovered;  and  in  another,  where  a  coyote  was  mistaken  for 
the  same  animal.  At  times  a  jack-rabbit  would  loom  up  on  the 
desert,  with  the  apparent  size  of  a  cow,  while  occasionally  the  legs 
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of  animals  would  be  so  comically  lengthened  as  to  give  them  the 
appearance  of  being  mounted  on  stilts  many  feet  in  height. 

Mounted  Recon rioissance. — A  considerable  portion  of  the*  country 
lying  along  the  international  boundary  being  of  a  character  little 
calculated  to  invite  travel  by  white  persons,  it  was  impossible  to  ><*- 
cure  in  advance  reliable  information  concerning  water,  roads,  and  the 
general  topographic  features  of  the  country,  which  information  was 
essential  to  the  survey.  To  obtain  this  information  mounted  recon- 
noissances  were  made.  A  reconnoissance  of  KM)  miles  was  made  by 
Mr.  J.  L.  Van  Ornum.  The  complete  reconnoissances  were  made  by 
Lieut.  D.  I).  Gaillard,  United  States  Corps  of  Engineers,  with  a  party 
of  from  two  to  five  persons  in  all.  Pack  mules  were  used  to  carry  sup¬ 
plies.  The  total  distance  made  by  these  men  on  all  reconnoissances 
was  2134  miles — 2008  miles  on  horseback  and  120  miles  on  foot.  The 
discomforts  were  the  intense  heat  and  the  scarcity  and  poor  quality 
of  the  drinking-water.  On  one  trip  of  301  miles,  made  June  2-11, 
1893,  the  maximum  thermometer  reading  in  the  shade  each  day 
varied  from  105°  to  118°  F.  The  discomfort  of  the  trip  was  further 
increased  by  the  fact  that  the  first  four  watering-places  were  45,  40, 
and  50  miles  apart,  respectively.  In  many  cases  there  was  little  or  no 
grazing  for  the  animals,  and  it  was  impossible  to  pack  enough  hay 
to  last  them  for  the  entire  trip.  They  had  to  be  fed  principally  on 
barley,  and  often  were  without  water  for  considerable  periods,  on 
one  occasion  for  a  period  of  forty  hours.  Not  a  man  or  an  animal  was 
injured  on  any  of  these  expeditions. 

Results  of  Survey. — The  survey  in  all  its  details  lasted  nearly  three 
years.  The  entire  amount  appropriated  by  Congress  was  $225,000. 
A  detachment  of  ten  enlisted  men  from  the  Twentv-fourth  Infantrv 
and  two  troopers  from  the  First  Cavalry  acted  as  escort  to  the  Mexican 
party,  which  consisted  of  one  commissioner,  an  assistant  engineer  with 
helpers,  and  appropriate  transportation.  They  assisted  in  locating 
the  monuments.  The  work  of  construction  and  erection  was  done 
wholly  by  the  American  section.  The  scientific  work  accomplished 
by  Dr.  Mearns  and  others  was  partly  of  the  nature  of  a  biological 
survey;  plants,  mammals,  birds,  reptiles,  batrachians,  fishes,  mollusks, 
and  crustaceans  were  collected,  and  also  typical  rocks,  minerals, 
fossils,  and  archaeological  remains.  All  of  these  collections  were  de¬ 
posited  in  the  United  States  National  Museum.  Four  thousand 
mammals,  8000  birds,  10,000  flowering  plants,  in  all  30,000  specimens, 
were  collected,  which  compares  favorably  with  other  Government 
expeditions. 
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WIRELESS  TELEGRAPHY. 

JNO.  GORDON  GRAY. 

Head  June  7,  1902. 

The  rapid  course  of  events  and  the  enterprise  of  the  press  have  so 

•a 

familiarized  the  world  with  the  subject  of  wireless  telegraphy  that  it 
has  already  ceased  to  be  a  novelty,  and  has  taken  its  place  amongst 
the  accomplished  scientific  facts  of  the  day,  so  that  I  feel  somewhat 
apologetic  in  presenting  it  before  such  an  audience  as  this,  when  I 
have  neither  the  hope  that  its  freshness  might  excite  interest  nor  any 
special  technical  discussion  to  offer  to  your  attention.  My  only  ex¬ 
cuse,  indeed,  for  my  appearance  here  is  that  your  committee  have  asked 
me  for  a  paper  upon  this  subject. 

Wireless  telegraphy  or  space  telegraphy,  as  some  precisians  prefer 
to  call  it,  is  not  new.  It  is  now  something  over  a  hundred  years  since 
Salva,  a  Spanish  physicist,  and  the  inventor  of  the  electro-chemical 
telegraph,  in  a  paper  read  before  the  Academy  of  Science,  Barcelona, 
said :  “  If  earthquakes  be  caused  by  electricity  going  from  one  point 
charged  positively  to  another  point  charged  negatively,  as  Bertelon 
has  shown  in  his  ‘  Electricite  des  Meteores/  one  does  not  even  want  a 
cable  to  send  across  the  sea  a  signal  arranged  beforehand.  We  could, 
for  example,  arrange  at  Mallorca  an  area  of  earth  charged  with  electric¬ 
ity,  and  at  Alicante  a  similar  space  charged  with  the  opposite  electricity 
with  a  wire  going  to  and  dropping  into  the  sea.  On  leading  another 
wire  from  the  seashore  to  the  electrified  spot  at  Mallorca,  the  commu¬ 
nication  between  the  two  charged  surfaces  would  be  complete,  for  the 
electric  fluid  would  traverse  the  sea,  which  is  an  excellent  conduc¬ 
tor,  and  indicate  by  the  spark  the  desired  signal.” 

In  1838  Steinheil,  of  Munich,  made  the  experiment  of  utilizing  the 
two  rails  of  a  railway  as  telegraphing  conductors,  but  was  unable  to 
obtain  an  insulation  of  the  rails  sufficiently  good  for  the  current  to 
reach  from  one  station  to  another.  He  found  that  the  earth  pos¬ 
sessed  a  conductibility  that  led  him  to  believe  it  possible  to  use  it  in¬ 
stead  of  a  return  wire.  His  experiments  resulted  in  the  introduction 
by  him  of  the  earth  circuit.  In  connection  with  these  experiments 
Steinheil  said :  “  The  inquiring  into  the  laws  of  dispersion,  according  to 
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which  the  ground,  whose  mass  is  unlimited,  is  acted  upon  bv  the  pas¬ 
sage  of  the  galvanic  current,  appears  to  be  a  subject  replete  with  in¬ 
terest.  The  galvanic  excitations  cannot  be  confined  to  the  portions 
of  earth  situated  between  the  two  ends  of  the  wire;  on  the  contrary, 
it  cannot  but  extend  itself  indefinitely;  and  it  therefore  only  depends 
on  the  law  that  obtains  in  this  excitation  of  the  ground  and  the  distance 
of  the  exciting  terminations  of  the  wires,  whether  it  is  necessary  or 
not  to  have  any  metallic  communication  at  all  for  carrying  on  tele¬ 
graphic  intercourse.” 

In  1842  Professor  Morse,  at  the  request  of  the  American  Institute, 
arranged  for  a  demonstration  of  his  telegraph  by  connecting  ( lovernor’s 
Island  with  Castle  Garden.  His  conductors  having  sustained  an  acci¬ 
dent,  he  arranged  to  avoid  such  difficulties  in  the  future  by  so  arranging 
his  wires  along  the  banks  as  to  cause  the  water  itself  to  conduct  the 
current  across.  This  he  accomplished,  in  December  of  that  year,  across 
the  canal  at  Washington.  This  experiment  was  repeated  at  Havre  de 
Grace,  where  signals  were  sent  across  the  Susquehanna,  a  distance  of 
nearly  a  mile. 

In  1854  James  Bowman  Lindsey,  of  Dundee,  Scotland,  patented  a 
method  of  transmitting  telegraphic  messages  by  means  of  electricity  or 
magnetism  through  and  across  water  without  submerged  wires,  the 
-water  being  made  available  as  the  connecting  and  conducting  medium. 
His  method  was  substantially  that  of  Morse.  A  near  connection  of 
mine,  a  gentleman  now*  over  eighty,  tells  me  that  he  remembers  being 
present  at  a  demonstration  when  signals  were  sent  across  the  Tay  from 
Dundee  to  Woodhaven,  a  distance  of  two  miles.  Speaking  about  this 
time  of  the  difficulty  of  finding  a  steamer  large  enough  to  carry  the 
Atlantic  cable,  Lindsey  remarked :  “  If  it  were  possible  to  provide 
stations  at  not  more  than  twenty  miles  distant  all  the  way  across  the 
Atlantic,  I  would  save  them  the  trouble  of  laying  any  cable.” 

Passing  from  these  and  other  early  and  crude  attempts  at  telegraph¬ 
ing  without  conducting  wires,  modern  wireless  telegraphy  begins  its 
history  with  the  visit  of  the  young  Marconi  to  England,  and  his  applica¬ 
tion  for  a  patent  in  1896.  Shortly  afterward  he  submitted  his  plans  to 
the  Postal  Telegraph  Service,  of  which  Sir  William,  then  Mr.  Prcece, 
w^as  head,  and  Mr.  Preece,  who  had  been  working  out  a  system  of  his 
owrn,  at  once  and  enthusiastically  threw  himself  into  the  work  with 
Marconi.  A  year  later  the  world  was  electrified  by  the  experiments  in 
the  Bristol  Channel,  where  a  distance  of  nearly  nine  miles  was  obtained, 
and  the  name  of  Marconi  became  synonymous  with  wireless  telegraphy. 
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But  it  is  to  be  observed,  with  every  respect  to  Marconi,  that  while  he 
made  modern  wireless  telegraphy  possible  and  practicable,  he  is  not 
the  inventor  of  modern  wireless  telegraphy.  He  cannot,  indeed,  be 
credited  with  the  invention  of  any  of  the  instruments  used  in  that  sys¬ 
tem.  A  host  of  earlier  workers — Trowbridge,  Graham  Bell,  Dolbear, 
Hughes,  Lodge,  Branly — contributed  their  share.  The  soul  of  the 
Marconi  system,  the  coherer,  was  the  invention  of  Branly,  and  the 
mechanical  tapper,  by  which  the  particles  are  decohered,  was  invented 
by  Lodge.  It  is  the  special  merit  of  Marconi  that  he  perceived,  as  no 
other  man  did,  the  possibilities  of  the  discoveries  and  inventions  of  the 
men  who  preceded  him,  and  gathering  together  the  essential  elements 
of  the  problem,  applied  them  with  an  intelligence  and  persistency 
which,  if  genius  be  the  capacity  to  work,  as  has  been  said,  was  genius 
of  a  high  order. 

As  you  know,  the  wireless  telegraphy  of  Marconi  rests  upon  the 
Hertzian  waves.  When  Clerk-Maxwell  stated  the  identity  of  light  and 
electricitv  and  Hertz  demonstrated  the  existence  and  character  of 
electro-magnetic  waves,  showing  that  these  waves,  having  all  the 
properties  of  light,  could  be  produced  of  any  length  from  a  few  milli¬ 
meters  to  thousands  of  miles,  and  found  an  exciter  and  detector  of 

them,  modern  wireless  telegraphy  has  become  possible. 

Broadly  speaking,  the  Marconi  method  of  wireless  telegraphy,  as  in 
all  similar  systems,  consists  in  generating  electro-magnetic  or  Hertzian 
waves  by  means  of  an  induction  coil  and  polished  balls  called  oscilla¬ 
tors,  these  waves  traveling  along  a  vertical  wire  to  a  plate  from  which 
they  are  thrown  off  into  space,  and  being  received  by  a  receiving  appa¬ 
ratus  consisting  of  another  aerial  plate  and  wire  connected  to  a  so-called 
“  coherer,”  a  small  sensitive  tube  having  two  metal  pole  pieces  between 
which  are  small  metal  filings  of  iron,  silver,  and  nickel  or  gold.  The 
coherer  is  connected  to  a  Morse  sounder  or  recorder  in  combination 
with  a  relay.  A  wave  sent  out  bv  the  transmitter  is  received  by  the 
coherer,  whose  particles  are  brought  into  coherence  by  the  passage  of 
the  wave,  and  a  circuit  established.  To  prepare  the  coherer  for  another 
wave  impulse,  a  tapper,  operated  by  a  small  battery,  is  emplo}Ted  by 
which  the  particles  are  thrown  apart  or  decohered.  Here  we  have, 

then,  the  essential  features  of  a  wireless  svstem — the  oscillators  devised 
by  Righi ;  the  coherer,  invented  by  Branly ;  and  the  tapper,  invented 
by  Lodge.  With  this  apparatus,  Professor  Lodge  in  1894  sent  mes¬ 
sages  a  few  hundred  feet.  He  failed  to  perceive  the  possibility  of  so 
refining  and  adjusting  them  that  they  might  be  used  to  send  messages 
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miles  instead  of  yards.  From  this  system  of  Lodge  are  directly  de¬ 
rived  the  systems  of  Marconi  in  England,  of  Slaby-Arco  and  Braun  in 
Germany,  and  of  Cervera  in  Spain. 

In  the  case  of  the  Marconi  system,  the  few  hundred  feet  of  several 
years  ago  have  grown  into  the  1500  miles  over  the  Atlantic,  a  splendid 
result,  even  if  we  hesitate  to  accept  the  signal  at  Newfoundland.  But 
this  result  has  not  been  obtained  without  an  elaborate  installation  and 
the  expenditure  of  energy.  At  the  Marconi  Station  in  Cornwall  there 
is  a  thirty  horse-power  engine,  with  great  transformer  and  an  array  of 
masts 200  feet  high.  From  this  station,  I  have  been  told  by  the  Mar¬ 
coni  people  that  messages  have  been  sent  and  received  at  Chesterton, 
northeast  of  London,  over  towns  and  village's,  a  distance  of  some  400 
miles.  Evidently,  however,  the  size  of  the  installation  and  the  amount 
of  energy  required  have  operated  to  prevent  its  practical  use,  for  the 
present,  from  point  to  point,  for  commercial  purposes,  over  land. 
Over  seas  it  appears  to  be  in  practical  operation  for  a  considerable  dis¬ 
tance,  and  between  vessels  for  a  distance  up  to  between  one  and  two 
hundred  miles  it  appears  to  have  established  its  practical  value,  having 
been  adopted  by  the  English  Lloyds  under  a  fourteen  years’  arrange¬ 
ment.  The  Slaby-Arco  system,  in  no  essential  feature  different  from 
the  Marconi,  has  been  adopted  by  the  Imperial  ( ierman  Navy. 

The  London  “Electrician”  recently  contained  an  account  of  some 
interesting  experiments  in  Spain,  under  the  auspices  of  the  Spanish 
Government,  by  Senor  Cervera,  of  the  Spanish  Engineers.  The  earlier 
experiments  made  before  the  King  and  the  principal  officers  of  the 
army,  between  Madrid  and  the  Escorial,  having  been  satisfactory, 
experiments  were  then  made  between  Tarifa  on  the  Spanish  coast  and 
Centa  on  the  coast  of  Morocco,  across  the  Strait  of  Gibraltar.  The 
masts  employed  were  about  170  feet  high.  The  apparatus  used  by 
Cervera  consisted  of  an  induction  coil,  with  an  interrupter  of  a  special 
pattern,  with  solid  contacts  immersed  in  petroleum,  giving  one  hundred 
interruptions  per  second.  A  special  key  was  employed,  with  the  ob¬ 
ject  of  eliminating  the  spark  when  the  current  is  broken.  This  was 
done  by  connecting  to  earth  the  two  points  at  which  the  current  is 
interrupted,  the  connection  of  one  being  made  directly  and  the  other 
through  a  condenser.  The  object  of  interposing  the  condenser  be¬ 
tween  the  air  wire  and  in  the  earth  connection  is  to  increase  the  energy 
of  discharge  by  increasing  the  capacity  of  the  current.  These  Cervera 
considered  indispensable  when  transmitting  wires  are  very  thin,  as  are 
those  he  employed;  Cervera  thinking  it  advantageous  to  employ  a  fine 
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wire  on  account  of  its  small  weight.  The  receiving  apparatus  of  Cer- 
vera  presents  some  original  features.  It  consists  of  an  air  wire  of  the 
same  character  as  that  used  in  the  transmitter,  connected  to  earth 
through  the  primary  of  an  induction  coil.  The  secondary  of  this  coil, 
divided  at  its  center  by  a  condenser,  ends  in  the  coherer  electrodes, 
which  are  of  soft  annealed  iron.  The  coherer  is  put  in  circuit,  through 
the  contact  point  and  the  armature  of  a  ringing  apparatus,  with  two 
adjustable  resistances,  a  battery  and  a  relay.  This  latter  closes  the 
circuit  of  a  battery,  an  adjustable  resistance  and  a  second  relay,  which 
Cervera  calls  a  multiplying  relay,  whose  function  is  to  work  the  Morse 
apparatus,  to  interrupt  the  current  of  the  battery,  and  coherer,  and  to 
work  the  tapper  and  to  interrupt  the  current  through  the  electro-mag¬ 
net  which  regulates  the  sensibility  of  the  coherer,  for  the  purpose  of 
facilitating  the  decohesion  of  the  latter.  With  this  apparatus,  into 
whose  details  I  need  not  perhaps  go  further,  Cervera  is  said  to  have  had 
very  successful  results. 

We  have  here  a  set  of  apparatus  for  the  coherer  method  of  wireless 
telegraphy,  consisting  of  an  induction  coil  as  sender.  This  coil  gives  a 
four-inch  spark,  has  the  Righi  oscillators  and  an  aerial  wire  or  rod  con¬ 
nected  to  the  negative  terminal  of  the  secondary  with  a  ground  wire 
connected  to  the  positive  of  the  secondary. 

The  receiving  apparatus  consists  of  an  aerial  wire  connected  to  one 
terminal  of  the  coherer,  with  a  ground  wire  connected  to  the  other  ter¬ 
minal.  The  coherer,  a  small  glass  tube  about  an  inch  and  a  half  long, 
has  between  the  jDole  pieces  some  filings  of  nickel  silver. 

In  series  with  the  coherer  is  a  polarized  relay,  modified  to  give  higher 
sensibility,  jewel  bearings  being  substituted,  the  armature  being  made 
lighter,  and  counterbalanced  and  having  spring  to  balance  armature 
between  poles  of  magnet;  the  spools  wound  with  No.  38  wire  to  a 
resistance  of  3500  ohms,  and  arranged  to  work  at  0.0001  ampere.  A 
cell  giving  0.4  volt  is  in  series  with  coherer  and  high  sensibility  relay. 

Operated  by  the  high  sensibility  relay  is  a  standard  relay  of  medium 
sensibility  with  coils  to  500  ohms.  A  battery  of  three  dry  cells,  giving 
a  current  of  about  0.008  ampere,  is  used  for  this  relay. 

Connected  in  parallel  and  operated  by  standard  relay  are  a  tape  ma¬ 
chine  and  decohering  device,  the  latter  having  a  metallic  tapper  strik¬ 
ing  the  coherer.  A  battery  of  six  dry  cells,  giving  a  current  of  about 
0.2  ampere,  is  used  for  these  two  instruments. 

It  is  evident  that  waves  thrown  out  into  space,  without  a  wire  to  con¬ 
duct  them  in  any  specific  direction,  must  radiate  everywhere  ecjually, 
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entailing  a  great  expenditure  of  energy,  tlx*  necessity  of  which  is  met 
by  installations  such  as  that  of  Marconi  at  Poldhu,  and  that  projx>84*d 
at  Cape  Cod.  It  is  also  evident  that  if  many  waves  are  traveling  al>out 
simultaneously,  there  is  every  likelihood  of  interference  and  confusion. 
To  obviate  this,  various  systems  of  tuning  and  selection  are  being 
worked  out,  by  which  the  receiver  can  be  so  adjusted  as  to  lx*  affected 
by  only  one  length  of  wave,  in  much  the  same  manner  as  a  tuning  fork 
responds  to  a  particular  vibration.  As  it  is  possible  to  make  use  of 
waves  of  any  length  from  a  few  yards  to  a  number  of  miles,  it  is  be¬ 
lieved  that  receivers  can  be  so  arranged. 

The  center  and  crux  of  the  system  of  which  I  have  hitherto  spoken  is 
the  coherer.  Now,  delicate  and  sensitive  and  ingenious  as  it  is,  the 
coherer  possesses  some  disadvantages.  It  is  like  a  kaleidoscope  in  that 
its  particles  never  twice  assume  quite  the  same  relation  to  each  other. 
It  may  cohere  imperfectly,  and  it  may  decohere  imperfectly.  Its  im¬ 
perfect  action  may  result  in  false  signals,  thus  making  it  difficult  or  im¬ 
possible  to  use  it  for  a  code,  and  motion,  vibration,  and  other  external 
influences  may  affect  the  certainty  of  its  action. 

This  brings  me  to  another  method  of  wireless  telegraphy  which  has 
recently  attracted  some  attention.  I  refer  to  the  system  of  Professor 
Reginald  A.  Fessenden,  worked  out  under  the  auspices  of  the  United 
States  Weather  Bureau.  For  the  past  two  years  Professor  Fessenden 
has  been  at  work  on  the  North  Carolina  coast,  patiently  and  system¬ 
atically  investigating  the  problems  of  wireless  telegraphy,  his  work 
resulting  in  the  production  of  a  receiver  entirely  distinct  from  the  co¬ 
herer  and  possessing  marked  advantages  over  the  latter.  I  am  not 
at  liberty  to  enter  fully  into  the  details  of  his  instrument,  which  I  may 
say  consists  in  the  main  of  a  platinum  wire  of  peculiar  form  and  char¬ 
acter.  Whilst  positive  in  its  action,  anti  insusceptible  to  external  dis¬ 
turbing  influences,  it  possesses  an  extreme  sensitiveness,  messages  hav¬ 
ing  been  sent  from  Cape  Hatteras  and  received  at  Roanoke,  a  distance 
of  53  miles,  with  a  one-inch  coil  giving  a  ^V-inch  spark.  There  is  an 
interesting  ceremony  at  a  certain  period  of  college  life  called  “burning 
the  calculus, ”  and  the  United  States  Weather  Bureau  assistants  at 
Hatteras  and  Roanoke,  who  had  struggled  long  with  the  painful  uncer¬ 
tainties  of  the  coherer,  were  so  much  relieved  by  the  certainty  of  action 
of  the  new  receiver  that  a  few  weeks  ago  they  were  preparing  to  cele¬ 
brate  their  emancipation  from  it  by  ceremonially  burning  tin*  coherer. 

Owing  to  foreign  patents  which  have  not  yet  been  granted,  it  is  not 
possible,  as  I  have  said,  to  describe  in  detail  the  wireless  telegraph  sys- 
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torn  of  Professor  Fessenden.  In  a  general  way,  however,  it  can  be 
stated  that  the  sensitive  part  of  his  receiver  is  a  continuous  conductor 
and  does  not  depend  for  its  operation,  like  the  coherer,  on  a  vast  num¬ 
ber  of  loose  contacts.  Each  time  the  electrical  oscillation  passes  along 
the  circuit  in  which  the  Fessenden  receiver  is  placed  a  change  occurs  in 
the  electrical  condition  of  the  circuit.  This  change  of  condition  mani¬ 
fests  itself  as  a  click  in  the  telephone  receiver.  One  click  is  produced 
each  time  a  complete  oscillation  passes  along  the  wire;  or,  in  other 
words,  each  time  the  secondary  spark  occurs  at  the  sending  station. 
If  these  interruptions  are  slow,  the  clicks  are  difficult  to  interpret.  As 
the  number  of  interruptions  increases,  the  individual  clicks  form  them¬ 
selves  into  more  or  less  of  a  buzzing  sound ;  and  if  the  interruptions  are 
made  with  a  tuning  fork,  for  instance,  the  telephone  receiver  will  pro¬ 
duce  the  same  tone  as  the  sending  mechanism  gives  out.  It  will  be 
seen  that  this  arrangement  lends  itself,  with  slight  modifications,  to  a 
telephonic  system,  details  of  which  are  not  yet  ready  for  publication. 

The  chief  advantage  in  this  system  is  the  simplicity  of  circuits  and 
the  fact  that  there  are  none  of  the  fine  adjustments  necessary  that  are 
found  in  the  coherer  system. 

I  have  referred  to  the  sensibility  of  the  system  by  which  messages 
were  received  over  50  miles  with  a  ^-inch  spark.  This  result  was 
achieved  over  water  which  had  about  twenty  times  the  resistance  of 
salt  water. 

Within  the  past  few  weeks  even  greater  sensibility  than  this  has  been 
secured,  as  the  receiver  embodying  the  latest  improvements  has  been 
found  to  have  between  twenty  and  twenty-five  times  the  sensibility 
of  the  former  receivers. 

This  system  is  also  admirably  adapted  to  syntonic  methods,  and 
from  experiments  already  performed  it  is  believed  that  any  pair  of 
stations  can  hold  communications  without  interference  from  outside 
influences,  and  that  there  is  but  little  probability  that  any  outside 
receiver  can  pick  up  the  signals  sent. 

The  demonstration  made  at  Roanoke  a  few  weeks  ago,  before  Gen¬ 
eral  Greeley  and  other  officers  of  the  United  States  Signal  Corps  and  the 
representatives  of  the  United  States  Navy,  was  highly  satisfactory, 
and  the  confidence  of  the  officers  of  the  Signal  Corps  in  the  Fessenden 
system  was  shown  by  the  award  to  a  Philadelphia  firm  of  the  contract 
to  install  that  system  for  the  Signal  Corps  in  Alaska  between  Cape 
Nome  and  St.  Michael,  a  distance  of  108  miles  across  Norton  Sound. 
The  submarine  cable  at  Norton  Sound,  which  is  not  now  in  working 
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order,  has  been  put  out  of  service  every  winter  as  a  result  of  injuries 
from  the  ice  hoes,  which, owing  to  the  shallowness  of  the  Sound,  at  vari¬ 
ous  points  the  depth  not  exceeding  13  feet,  grind  against  the  cable. 
Thus  communication  being  cut  off,  after  the  middle  of  Oetol>er,  and 
there  now  being  a  considerable  population  at  Cape  Nome,  there  is 
urgent  need  of  such  a  system  as  the  wireless  for  that  locality.  This 
installation  will  be  of  special  interest  as  being  the  first  practical  use  of 
the  wireless  system  between  points  at  so  great  a  distance  on  the  Ameri¬ 
can  continent.  Much  doubtless  remains  to  be  done,  particularly  in 
the  direction  of  developing  stations,  before  wireless  telegraphy  reaches 
the  full  measure  of  its  possible  practical  utility,  but  enough  has  been 
accomplished  to  demonstrate  its  position  as  one  of  the  new  powers 
given  by  science  as  a  handmaid  to  civilization. 


DISCUSSION. 

The  President. — Do  any  of  the  members  wish  to  ask  questions  of  Mr.  Gray  in 
order  to  make  the  subject  more  comprehensive? 

Carl  Hering. — Is  it  the  system  which  Mr.  Gray  described  this  evening  that  is 
to  be  installed  in  Alaska? 

Mr.  Gray. — No ;  it  is  the  Fessenden  system. 

Mr.  Hf.ring. — When  is  it  to  be  in  operation? 

Mr.  Gray. — By  not  later  than  October  1st ;  and  I  may  add  that  the  Fessenden 
system  is  now  working  daily  between  Cape  Hatteras  and  Roanoke.  All  messages 
from  Washington  to  Roanoke  are  sent  by  ordinary  wire  from  Washington  to  Ca|K* 
Hatteras,  and  by  wireless  from  Cape  Hatteras  to  Roanoke,  a  distance  of  fifty- 
three  miles.  General  Greeley  was  in  Philadelphia  to-day  arranging  for  the  further 
installation  of  the  Fessenden  system  in  the  Army. 

A.  Falkenau. — I  would  like  to  ask  Mr.  Gray  as  to  the  nature  of  the  coherer. 
As  I  understand  it,  the  wave  going  across  the  particles  causes  them  to  make  a 
closer  contact.  There  is  probably  some  magnetic  quality  developed.  Is  that  the 
idea? 

Mr.  Gray. — Yes:  that  action  of  the  wave  causes  them  to  cohere  and  they  In¬ 
come  a  conductor,  passing  the  current  through  until  they  are  decohered  or  thrown 
apart  again. 

Mr.  Falkenau. — What  I  mean  is  whether  there  is  a  decided  break,  or  is  there 
only  a  difference  in  contact  pressure? 

Mr.  Gray. — Oh,  yes.  The  more  decided  the  break,  the  better  it  works.  The 
uncertainty  of  the  coherer  is  that  sometimes  the  break  is  not  decided  enough. 
Particularly  if  the  coherer  has  been  used  a  few  times  there  is  possibility  of  bad 
contact  and  of  the  contact  remaining  after  decoherence. 

C.  H.  Ott. — I  would  like  to  ask  Mr.  Gray  the  approximate  cost  of  the  installa¬ 
tion  of  this  apparatus  between  two  stations. 

Mr.  Gray — I  believe  that  Marconi  charges  for  each  station  about  eight  thou¬ 
sand  dollars  and  a  certain  royalty.  That,  I  believe,  is  the  price  asked  for  com- 
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mercial  installation.  I  think  they  have  offered  to  supply  it  to  the  Government 
— to  the  Navy — for  about  five  or  six  thousand  dollars  a  station.  The  Fessenden 
system  has  been  offered  to  the  Navy  for  a  little  less  than  that.  The  total  cost  of 
the  Alaska  installation,  including  masts  and  complete  installation,  without  shel 
ters,  is  something  over  fourteen  thousand  dollars. 

Mr.  Ott. — What  is  the  distance? 

Mr.  Gray. — One  hundred  and  eight  miles. 

A.  E.  Lehman. — Can  Mr.  Gray  tell  us  what  the  present  status  of  the  Marconi 
system  is — what  he  really  intends  to  do  and  what  he  has  actually  accomplished 
toward  getting  messages  across  the  Atlantic  Ocean? 

Mr.  Gray. — They  showed  me  a  week  or  two  ago  a  tape  having  a  message  and 
signed  by  Marconi,  stating  that  this  message  was  the  first  which  had  gone  fifteen 
hundred  miles  across  the  Atlantic.  That  is  the  farthest  distance  attained,  if  we 
exclude  the  Newfoundland  signal,  which  was  not  a  message,  but  a  signal.  But 
this  was  a  message  in  extenso,  sent  from  Cornwall  across  the  Atlantic  and  picked 
up  fifteen  hundred  miles  across  by  the  steamship  “  Lucania,”  and,  of  course,  as  I 
said  in  the  early  part  of  my  paper,  it  was  the  result  of  an  enormous  expenditure 
of  energy.  The  farthest  distance  across  land  by  Marconi  is  four  hundred  miles 
across  England  via  Cornwall.  As  I  remarked  before,  the  size  of  the  installation 
and  the  amount  of  energy  required  have  hindered  the  establishment  of  stations 
for  ordinary  commercial  work.  They  have  at  Poldhu  something  like  about 
twenty-five  or  thirty  masts,  two  hundred  feet  high,  with  many  wires  on  each 
mast,  great  engines  and  transformers;  in  fact,  work  is  being  done  there  almost  by 
force. 

Mr.  Herixg. — What  horse-power  is  to  be  used  for  that  fifteen  hundred  miles? 

Mr.  Gray. — I  have  understood  thirty  horse-power.  I  believe  they  contem¬ 
plated  putting  in  a  forty  horse-power  engine,  but  they  have  not  done  so  yet. 

Mr.  Hering. — Does  the  Fessenden  system  require  such  an  expenditure  of 
horse-power? 

Mr.  Gray. — A  message  was  sent  fifty-three  miles  with  one  thirty-second  inch 
spark.  I  forget  the  power  used.  It  was  small.  Since  that  time,  owing  to 
changes  made  in  the  receiver,  the  sensibility  has  been  increased  many  times. 
These  later  receivers  have  not  yet  left  Philadelphia  and  have  not  been  tried  in 
actual  operation,  but  tests  made  have  established  a  greater  sensitiveness. 

A  Member. — Mr.  President,  I  would  like  to  ask  Mr.  Gray  what  messages  are 
used  for  timing  the  receiver  and  sender  in  the  Marconi  system. 

Mr.  Gray. — I  am  not  familiar  with  Marconi’s  tuning  system.  I  don’t  think 
it  is  fully  worked  out.  I  have  understood  they  have  lately  purchased  Professor 
Pupin’s  system. 

Mr.  Hering. — Has  Fessenden  succeeded  in  sending  two  or  three  messages  at 
the  same  time  in  the  same  district? 

Mr.  Gray. — No;  that  has  not  yet  been  practically  accomplished.  The  syn¬ 
tonic  method  is  still  being  worked  out  theoretically.  Professor  Fessenden  is  sure 
he  can  do  it.  A  practical  system  is  being  worked  upon  at  present. 
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Business  Meeting,  April  5,  1902.  Vice-President  Smith  in  tin-  chair.  1  it'ty- 


eight  members  and  eleven  visitors  present. 

Mr.  John  Birkinbine  presented  the  subject  of  “Changes  in  the  Manufacture  of 
Pig  Iron,”  which  was  discussed  by  Messrs.  Charles  Hewitt,  James  Christie,  and 
Edwin  F.  Smith. 

The  Tellers  reported  the  election  of  Messrs.  Geo.  Lewis  Mayer,  H  W  Rey¬ 
nolds,  Horace  E.  Setchell,  and  \Y.  L.  W 'right  to  active  membership,  and  M*>srs. 
Wm.  H.  Baker,  DeWitt  I).  Barlow,  and  A.  B.  Morrison,  Jr.,  to  junior  memljership. 

Regular  Meeting,  April  19,  1902. — President  Hartley  in  the  chair.  Sev¬ 
enty  members  and  twenty  visitors  present. 

Mr.  James  Christie  presented  the  subject  of  “  Modern  Developments  in  the 
Production  of  Open-hearth  Steel.”  A  discussion  followed,  which  was  participated 
in  by  Messrs.  Benjamin  Talbot,  Wm.  R.  Webster,  Henry  J.  Hartley,  Francis 
Schumann,  Wm.  Copeland  Furber,  and  T.  W.  Jenks. 

Regular  Meeting,  May  3,  1902. — President  Hartley  in  the  chair.  1  if t y- 
nine  members  and  ten  visitors  present. 

Mr.  William  Hewitt  read  a  paper  upon  “Aerial  Cable  Transportation.”  The 
subject  was  discussed  bv  Messrs.  C.  H.  Ott,  J.  Kay  Little,  II.  K.  Myers,  and  others. 

Upon  motion  the  thanks  of  the  meeting  were  extended  to  Mr.  Hewitt  for  pre¬ 
paring  and  presenting  his  paper  before  the  Club. 


Business  Meeting,  May  17,  1902. — President  Hartley  in  the  chair.  Forty- 
six  members  and  thirteen  visitors  present. 

Professor  Oscar  C.  S.  Carter  presented  a  paper  upon  “The  Arid  District  l>e- 
tween  the  Rio  Grande  and  the  Pacific  Traversed  by  the  Engineers  of  the  Mexican 
Boundary  Commission  in  1892-94.”  At  its  conclusion  the  thanks  of  the  meeting 
were  extended  to  him  for  preparing  it  for  presentation  to  the  Club.  Professor 
Carter  opened  a  general  discussion  on  the  causes  and  effects  of  volcanic  eruptions, 
which  was  participated  in  by  Messrs.  James  Christie,  Walter  L.  Webb,  L.  F 
Rondinella,  and  others. 

The  Tellers  reported  the  election  of  Messrs.  Benj.  Adams  and  Elmo  G.  Harris 
to  active  membership,  and  Messrs.  Charles  Day,  Kern  Dodge,  and  Samuel  J. 
Magarge,  Jr.,  to  junior  membership. 

Regular  Meeting,  June  7,  1902. — President  Hartley  in  the  chair.  Sixty 
members  and  ten  visitors  present. 

Mr.  Jno.  Gordon  Gray  read  a  paper  upon  “Wireless  Telegraphy,"  which  was 
followed  by  a  general  discussion  participated  in  by  Messrs.  Carl  Hcring,  Vrtlmr 
Falkenau,  C.  H.  Ott,  Ambrose  E.  Lehman,  Walter  L.  Webb,  and  others. 

Upon  motion  the  thanks  of  the  meeting  were  extended  to  Mr.  Gray  for  his 

presentation. 
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Regular  Meeting,  April  19,  1902. — Present:  President  Hartley, Vice-Presi¬ 
dents  Smith  and  Comfort,  Directors  Foster,  Riegner,  and  McBride  (later  also 


Director  Levis),  and  the  Secretary. 

The  Treasurer’s  report  showed: 

Balance,  February  28,  1902,  . $2784.29 

March  receipts,  .  654.15 

$3438.44 

March  disbursements, .  787.85 

$2650.59 


The  House  Committee  reported  that  the  Morris  chairs  and  portieres  author¬ 
ized  at  the  last  meeting  have  been  purchased  and  placed  in  the  Club  House.  The 
Committee  was  authorized  to  remove  the  present  small  panes  of  glass  from  the 
first  floor  front  windows,  substituting  one  pane  of  glass  in  each  sash. 

Upon  motion  the  hour  for  the  May  meeting  of  the  Board  was  fixed  at  7.30 
p.  m.  sharp. 

Regular  Meeting,  May  17,  1902. — Present  :  President  Hartley,  Vice-Presi¬ 
dent  Comfort,  Directors  Foster,  Levis,  Riegner,  Hewitt,  McBride,  and  Myers,  and 


the  Secretary. 

The  Treasurer’s  report  showed : 

Balance,  March  31st,  .  $2650.59 

April  receipts, .  596.54 

$3247713 

April  disbursements, .  705.48 

$2541.65 


The  Secretary  was  requested  to  have  the  1902  Directory  of  the  Club  published 
in  the  same  style  as  that  of  last  year. 

LTpon  motion  it  was  ordered  that  there  should  be  a  special  meeting  of  the  Board 
on  June  7th,  at  7.30  p.  m.,  to  transact  the  business  which  would  otherwise  come 
before  the  regular  meeting  of  June  21st. 

Special  Meeting,  June  7,  1902. — Present  :  President  Hartley,  Vice-President 
Smith,  Directors  Levis,  Riegner,  Hewitt-,  McBride,  and  Myers,  and  the  Secretary 
(later  also  Vice-President  Comfort  and  Director  Foster). 

The  Treasurer’s  report  showed: 


Balance,  April  30th, .  $2541.65 

May  receipts, .  308.15 

$2849.80 

May  disbursements,  .  555.77 


$2294.03 

Upon  motion  the  Library  Committee  was  authorized  to  have  the  most  desirable 
periodicals  bound  for  the  library. 


Additions  to  the  Library. 
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ADDITIONS  TO  GENERAL  LIBRARY. 


From  Hon.  James  H.  Southard,  Washington,  I).  C. 

Metric  System  of  Weights  and  Measures,  1902. 

From  Charles  G.  Darrach,  Ridley  Park,  Penna. 

Mechanical  Installation  in  the  Modern  Office  Building,  1901. 

From  New  York  Electrical  Society,  New  York. 

Power  Plants  of  the  Pacific  Coast,  F.  A.  C.  Perrine,  I). Sc.,  1902. 

From  the  John  Crerar  Library,  Chicago,  III. 

Seventh  Annual  Report,  1901. 

From  N.  H.  Moody,  Philadelphia. 

Club  Directory,  1902. 

From  U.  S.  Government,  Washington,  D.  C. 

Report  of  Board  of  Engineers  on  Deep  Waterways  between  the  Great  Lakes 
and  the  Atlantic  Tide  Waters,  1900.  Parts  I  and  II,  with  Atlas. 

From  Metropolitan  Water  and  Sewerage  Board,  Boston  M  vss. 

First  Annual  Report,  1902. 

From  City  Parks  Association  of  Philadelphia. 

Fourteenth  Annual  Report,  1902. 


William  Hasell  Wilson 


Editors  ol  other  technical  journals  are  invited  to  reprint  art  !<:•-* 
from  this  journal,  provided  due  credit  be  given  the  I'KorKKOinun. 
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SKETCH  OF  WILLIAM  IIASELL  WILSON  * 


WILLIAM  LENDER  WILSON. 


No  one  can  read  the  history  of  the  development  and  progress  of 
Pennsylvania  without  being  struck  with  the  great  part  that  has  been 
played  by  the  engineering  profession  and  the  high  character  of  the 
abilities  and  standing  of  its  members.  The  subduing  of  the  moun¬ 
tains,  the  conquering  of  the  floods,  the  penetrating  of  the  mines 
and  organizing  business  methods  to  enable  an  ever-advancing  civiliza¬ 
tion  to  march  on  triumphantly,  were  assigned  to  those*  men.  How 
well  their  tasks  were  performed  is  attested  by  the  wealth  of  tin*  Com¬ 
monwealth  in  its  unrivaled  public  improvements,  its  industrial  posi¬ 
tion,  and  the  happiness  of  its  people.  When  you  scan  the  lists  of  those 
men,  upon  which  arc  found  such  names  as  Strickland,  Schlatter, 
Long,  Major  Wilson,  Moncure  Robinson,  I  lot  her  Hage,  the  different 
Robertses,  Edward  Miller,  John  Edgar  Thomson,  W  illiam  R.  Foster.  Jr., 
Edward  F.  Gay,  and  Robert  Faries,  the  thought  will  suggest  itself. 


*  At  the  meeting  of  the  Club  held  January  6,  1900,  Mr.  \\  illiam  Render  \\  ilson 
presented  a  sketch  of  the  life  work  of  William  Hasell  Wilson.  \s  this  sketch 
had  not  appeared  in  the  Proceedings,  the  Hoard  of  Directors,  at  its  Septemlwr 
meeting,  passed  a  resolution  requesting  the  author  to  complete  the  sketch  to 
the  date  of  Mr.  Wilson’s  decease,  and  further  directed  that  the  sketch,  to¬ 
gether  with  a  photograph  of  Mr.  Wilson,  he  published  in  t lie  October,  1902, 
issue  of  the  Proceedings. — Publication  Committee. 
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Wilson — Sketch  of  William  Hasell  Wilson. 


why  has  not  a  memorial  been  erected  at  the  State  Capitol  to  com¬ 
memorate  their  achievements,  which  have  done  more  to  advance 
liberty  and  secure  good  government  than  all  the  doings  of  bril¬ 
liant  and  heroic  soldiers  upon  gory  fields?  When  such  a  memorial 
is  erected,  as  it  should  be,  it  will  not  be  complete  unless  there  is  deeply 
chiseled  upon  it  the  name  of  William  Hasell  Wilson.  He  had  been 
trained  more  or  less  along  military  engineering  lines  by  his  father, 
and  I  esteem  it  no  small  honor  as  a  layman  to  be  invited  before  the 
Engineers’  Club  to  give  an  outline  sketch  of  this  distinguished  man. 

William  Hasell  Wilson  was  born  at  Charleston,  South  Carolina, 
on  Tuesday,  November  5,  1811,  and  came  of  distinguished  lineage. 
His  great-grandfather  was  an  architect  at  Sterling,  Scotland,  and 
his  grandfather  an  engineer  of  distinction  and  a  British  officer  during 
the  Revolutionary  War.  He  was  the  son  of  Major  John  Wilson  and 
Elizabeth  Gibbes,  his  wife.  The  father  was  eminent  as  an  engineer 
and  surveyor,  and  served  his  country  as  an  engineer  officer  during 
the  second  war  with  Great  Britain,  and  was  one  of  the  prominent 
engineers  who  were  engaged  at  an  early  day  in  railroad  construction. 
The  mother  was  a  daughter  of  Captain  William  Allston,  of  Marion’s 
Brigade,  during  the  Revolutionary  War,  and  a  half-sister  of  Wash¬ 
ington  Allston,  painter  and  poet.  It  is  an  interesting  incident  in 
the  history  of  his  family  that  his  grandfather  planned  the  British 
attack  on  Charleston  and  Savannah  in  the  War  of  the  Revolution, 
whilst  his  father  planned  the  American  defense  of  those  cities  in 
the  War  of  1812,  both  using  the  same  engineering  instruments,  and 
which  I  believe  are  now  in  his  possession.  He  received  an  English 
and  classical  education  at  Charleston,  S.  C.,  Morristown,  N.  J.,  and 
Philadelphia.  In  the  latter  city  he  entered  the  high  school  of  the 
Franklin  Institute,  which  was  conducted  on  the  Lancasterian  plan. 
In  accordance  with  that  system,  which  provided  for  the  teaching  of 
the  younger  pupils  by  the  more  advanced  ones,  Mr.  Wilson  took  a 
position  in  the  school  as  one  of  the  tutors.  He  left  the  school  in 
June,  1827,  to  join  as  a  volunteer  the  engineer  corps  which  his  father 
had  organized  under  the  auspices  of  the  State  for  canal  and  railroad 
surveys  through  Chester  and  Lancaster  Counties.  When  the  surveys 
closed  in  the  autumn  of  that  year,  he  resumed  at  Philadelphia  his 
studies,  devoting  his  time  principally  to  drawing  and  mathematics. 
In  March,  1828,  he  joined  a  corps  of  engineers  engaged  in  locating 
the  Philadelphia  and  Columbia  Railroad,  as  rodman.  In  1829  he 
became  Assistant  Engineer  in  charge  of  construction  of  the  twenty 
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miles  of  road  under  contract  in  the  eastern  section,  and  continwd 
in  that  position  until  April,  1S31,  when  he  was  promoted  to  b<*  Prin¬ 
cipal  Assistant  Engineer  in  charge  of  construction  of  tin*  full  «*ast**rn 
section  of  forty  miles.  He  took  his  first  lessons  in  track  laying  in 
1830  by  visiting  the  scene  of  such  operation  near  Kllieott’s  Mills  on  the 
Baltimore  and  Ohio  Railroad.  In  October,  1X34,  tin*  State  mad 
being  completed,  the  engineer  corps  was  disbanded,  and  In*  engaged 
in  varied  engineering  pursuits.  In  1839  In*  was  engaged  in  making 
surveys  of  a  proposed  line  from  Downingtown  to  Reading,  and  as 
Principal  Assistant  Engineer  in  the  service  of  the  Philadelphia  and 
Reading  Railroad  Company  in  the  final  location  and  construction 
of  the  second  division  of  its  road  from  near  Pottstown  to  Bridgeport. 
An  important  factor  which  entered  into  the  latter  work  was  the 
Black  Rock  Tunnel  at  Phoenixville,  the  construction  of  which  was 
begun  in  1835  and  completed  in  1837.  It  was  excavated  through 
solid  rock  its  entire  length.  By  the  aid  of  lanterns  and  candles  Mr. 
Wilson  gave  his  personal  attention  to  the  instrumental  work.  'Hie 
excavation  was  prosecuted  from  both  ends  of  the  tunnel,  and  through 
five  shafts  located  at  its  edge,  and  when  it  was  open  throughout 
there  was  no  variation  in  alinement  or  grade  which  exceeded  one- 
tenth  of  a  foot.  When  the  poverty  of  geological  data,  the  crudeness 
of  construction  tools,  and  the  stage  of  advancement  in  mathematical 
instruments  are  considered,  the  successful  accomplishment  of  this 
piece  of  work  over  sixty  years  ago  by  an  engineer  under  twenty-six 
years  of  age  is  worthy  of  particular  note.  In  August,  1838,  the  work 
assigned  him  having  been  completed,  he  accepted  tin*  appointment 
by  the  State  as  Chief  Engineer  of  the  Gettysburg  Extension,  a  work 
designed  to  connect  the  Philadelphia  and  Columbia  with  tin*  Baltimore 
and  Ohio  Railroad.  This  work  having  been  abandoned,  Mr.  Wilson 
returned  to  Philadelphia  early  in  1839.  In  February  of  that  year, 
in  conjunction  with  Edward  Miller,  Solomon  W.  Roberts,  ,1.  Edgar 
Thomson,  Isaac  R.  Trimble,  and  a  few  other  prominent  American 
engineers,  he  attended  a  meeting  in  Baltimore  for  the  purpose  of 
organizing  an  Engineers’  Society.  Although  the  organization  was 
fully  outlined,  and  rules  prepared  for  its  government,  the  conditions 
were  not  then  favorable  for  the  success  of  the  project.  The  number 
of  engineers  in  the  United  States  was  limited,  their  work  and  residences 
were  scattered  over  a  wide  expanse  of  territory,  with  indifferent 
means  of  transportation  and  communication,  and  it  soon  developed 
that  the  plan  was  premature,  and  in  consequence  was  dropped. 
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Depressed  conditions  of  business  and  financial  affairs  checking  the 
progress  of  public  improvements,  Mr.  Wilson  turned  his  attention 
to  farming,  in  which  he  became  deeply  interested,  continuing  its 
pursuit  from  1841  to  1852.  Returning  to  his  profession,  he  made 
during  the  summers  of  1852  and  1853  extensive  surveys  for  the  Penn¬ 
sylvania  Railroad  Company,  and  located  a  line  of  railroad  from 
Philadelphia  via  Phoenixville  and  the  French  Creek  and  Connestoga 
valleys  to  a  point  on  the  Harrisburg  and  Lancaster  Railroad  about 
eight  miles  west  of  Lancaster.  This  line  was  projected  for  the  pur¬ 
pose  of  having  a  through  line  from  Philadelphia  to  Pittsburg,  and 
avoiding  the  State’s  road.  In  1854  and  1855  he  was  Chief  Engineer 
of  the  West  Chester  and  Philadelphia  Railroad.  In  January,  1856, 
he  entered  the  service  of  the  Pennsylvania  Railroad  Company,  sub¬ 
sequently  making  for  it  a  survey  for  a  railroad  between  the  Delaware 
and  Schuylkill  Rivers,  through  the  southern  part  of  Philadelphia, 
and  two  trips  to  Ohio,  Indiana,  and  Illinois,  investigating  in  its  in¬ 
terests  railroad  matters  in  those  States.  On  the  1st  of  August,  1857, 
he  entered  upon  his  duties  as  Resident  Engineer  of  the  Philadelphia 
and  Columbia  Railroad,  then  but  recently  purchased  by  the  Penn¬ 
sylvania  Railroad  Company.  He  began  reconstruction  at  once, 
and  did  a  large  amount  of  work  before  the  1st  of  January,  1858, 
in  placing  the  road  in  condition  to  move  over  it  the  heavy  trade 
that  was  offering.  Among  the  many  changes  he  made  during  that 
time  was  the  re-laying  of  6350  feet  of  south  track  west  of  Dillerville 
with  entirely  new  rail.  This  section  was  the  last  remnant  of 
the  edge-rail  track  put  down  in  1834.  During  1858  his  jurisdiction 
as  Resident  Engineer  was  extended  to  Mifflin,  and  on  the  1st  of 
January,  1859,  it  was  still  further  extended  to  cover  the  entire  line, 
and  branches  between  Philadelphia  and  Pittsburg,  with  headquarters 
at  Altoona.  The  duties  of  the  Resident  Engineer  at  that  time  in¬ 
cluded  the  care  of  roadway,  bridges  and  buildings,  the  designing  and 
supervision  of  all  new  constructions,  branch  line  surveys,  purchase 
and  management  of  real  estate,  furnishing  of  fuel  and  water  for  the 
motive  power,  as  well  as  the  purchasing  of  all  materials  for  the  repair 
and  construction  of  the  works  under  his  charge.  His  title  was  changed 
to  Chief  Engineer  in  1862.  He  Avas  assisted  by  an  Engineer  of  Bridges 
and  Buildings,  and  a  Resident  Engineer  on  each  of  the  Philadelphia, 
Middle,  and  Pittsburg  dmsions. 

During  the  Civil  War  the  position  Avas  one  of  the  graA^est  respon¬ 
sibility.  The  line  being  of  strategic  importance,  Mr.  Wilson  was 
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required  to  have  it  patrolled  on  a  war  basis  and  to  project  and  erect 
defensive  works  to  insure  it  against  the  enemy’>  attacks.  1  hiring 
the  raids  and  invasions  of  1802  1803  and  1st >4  he  was  in  close  touch 
and  frequent  consultation  with  the  civil  and  military  authorities 
of  the  State  and  nation  giving  them  valuable  aid  and  assistance. 

The  large  amount  of  work  centering  in  the  office  of  the  Resident 
Engineer  soon  required  a  reorganization  of  that  Department,  and  on 
January  1,  1868,  Mr.  Wilson  was  made  Chief  Engineer  of  Construc¬ 
tion,  with  headquarters  at  Philadelphia,  and  his  son,  John  A.  Wilson, 
was  appointed  Chief  Engineer,  Maintenance  of  Way,  and  stationed 
at  Altoona.  From  that  date  until  the  financial  panic  of  1873  put  a 
stop  to  all  betterments  and  additions,  Mr.  Wilson  was  busily  engaged 
in  providing  increased  facilities  for  the  growing  business  of  the  com¬ 
pany,  among  which  were  embraced  car  shops,  freight,  passenger, 
water,  and  coaling  stations,  piers  and  coal  chutes  at  (Jreenwich,  and 
improving  the  line  of  the  Philadelphia  Division  by  straightening 
several  miles  of  it.  He  was  elected  President  of  the  Philadelphia 
and  Erie  Railroad  Company  in  November,  1873,  continuing  at  the 
same  time  as  Consulting  Engineer  of  the  Pennsylvania  Railroad 
Company.  In  July,  1S74,  having  been  placed  at  the  head  of  the 
Real  Estate  Department  of  the  Pennsylvania  Railroad  Company,  he 
resigned  the  Philadelphia  and  Erie  presidency,  but  retained  his  title 
as  Consulting  Engineer  of  the  Pennsylvania.  The  arranging  and  sys¬ 
tematizing  the  business  of  the  department  involved  a  large  amount 
of  detail,  patient,  plodding  work,  and  constant  and  close  attention. 
In  March,  1884,  Mr.  Wilson,  having  been  elected  President  <>f  the 
Philadelphia  and  Erie,  the  Belvidere- Delaware,  the  Philadelphia  and 
Trenton,  and  some  other  railroad  companies  controlled  by  tin*  Penn¬ 
sylvania  Railroad  Company,  retired  from  the  Real  Estate  Depart¬ 
ment. 

In  1894  he  resigned  all  positions  other  than  the  presidency  of  the 
Belvidere-Delaware  Railroad  and  its  subsidiary  companies,  which 
position  he  held  until  his  death,  which  occurred  on  Sunday,  the  17th 
day  of  August,  1902. 

Faithful  to  the  last,  he  was  to  be  seen  at  his  desk  in  his  latter  days 
four  times  a  week  until  within  a  few  months  of  the  end.  Always 
kind,  charitable,  and  loving, — a  splendid  type  of  the  Christian  man 
of  science, — his  death,  like  his  life,  was  beautiful,  and  as  he  crossed 
the  Great  Divide,  and  surveved  the  wondrous  life  bevond,  he  was 
buoyed  up  with  the  hope  of  immortality. 
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His  work  from  the  Delaware  to  the  Ohio  has  left  a  lasting  im¬ 
pression  upon  the  development  of  the  Commonwealth,  and  will 
remain  as  a  monument  to  his  abilities. 

It  might  be  well  for  me  to  remark  that,  although  bearing  the  same 
name,  there  was  no  family  relationship  existing  between  us,  and  that 
my  feeble  words  are  prompted  only  by  the  high  esteem  in  which  I 
held  this  venerable  man. 
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AERIAL  CABLE  TRANSPORTATION. 


WILLIAM  HEWITT. 


Rtcui  Ma;/  190?. 

In  considering  t ho  adaptabilities  and  limitations  of  aerial  transpor¬ 
tation,  we  should  distinguish  at  the  outset  between  what  are  known  as 
wire-rope  tramways,  or  ropeways,  and  cable  conveyors,  or  cableways 

Wire-rope  tramways  comprise  the  different  systems  of  transporting 
material  in  suspended  receptacles  by  means  of  wire  rojx*  or  cables,  more 
generally  applicable  to  the  longer  lint's  in  which  a  number  of  such 
receptacles  are  carried  continuously  at  definite  intervals,  determined 
by  the  individual  loads,  varying  up  to  about  a  ton  in  weight,  and  the 
amount  of  material  to  be  transported  in  a  given  time. 

Cable  conveyors,  on  the  other  hand,  or  the  modification  better 
known  as  cable  hoist-conveyors,  differ  from  wire-rope  tramways  in 
their  adaptability  to  the  moving 
of  single  loads  of  several  tons’ 
weight  over  comparatively  short 
distances. 

The  simplest  form  of  wire-rope 
tramway  is  that  known  as  the 
single-rope  tramway,  in  which 
one  rope  performs  the  dual  func¬ 
tion  of  support  and  means  of 
propulsion  for  the  pendent  buckets  or  receptacles.  In  tin*  original 
or  Hodgson  single-rope  tramway  (so  called  from  the  patentee,  Mr. 
Charles  Hodgson),  which  still  finds  favor  with  some,  where  the  con¬ 
ditions  are  not  exclusive,  owing  to  its  comparative  cheapness,  these 
receptacles  are  suspended  from  “box-heads’’  (Fig.  1).  or  saddles, 
consisting  of  light  malleable  iron  boxes,  containing  blocks  of  rubber 
or  wood  which  bear  on  the  rope.  These  are  secured  in  such  a  way 
that  they  can  be  readily  replaced  as  they  wear  out.  Referring  to  the 
illustration,  it  will  be  observed  that  the  box-head  is  fitted  with  a  couple 
of  grooved  wheels  at  one  side.  Those  wheels  serve  to  lift  tin*  box-head 
from  the  rope  at  the  stations,  by  engaging  flat  bars  or  shunt  rails  >uj>- 
ported  by  the  framework  of  the  stations,  the  terminal  points  of  which 
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are  bent  down  and  so  placed  as  to  come  under  the  wheels  of  the  box- 
heads,  receiving  those  entering  the  station  which  are  lifted  on  to  the 
shunt  rail  by  the  momentum  of  the  receptacles,  and  depositing  the 
departing  ones  on  to  the  rope.  The  receptacles  are  conveyed  by  hand 
along  the  shunt  rails  to  convenient  points  of  loading  or  discharge,  as  the 
case  may  be,  while  the  rope  continues  running.  The  friction  between 
the  “bearing  blocks/’  in  the  box-heads,  and  the  rope  is  sufficient  to 
keep  the  box-heads  from  slipping  on  moderate  inclinations, — that 
is,  not  exceeding  about  1 : 4, — and  the  system  therefore  is  not 
adapted  to  very  steep  grades.  Mr.  Hodgson  endeavored  to  overcome 
this  defect  by  devices  for  gripping  the  rope,  but  these  proved  to  be 
excessively  wearing  on  the  rope,  according  to  Mr.  W.  T.  H.  Carring¬ 
ton,  of  the  firm  of  Bullivant  &  Co.,  London,  who,  in  a  published  in¬ 
terview",  cites  an  instance  where  a  line  equipped  with  such  saddles 
or  box-heads,  in  the  Bilbao  iron  district,  Spain,  gave  a  service  of 
only  about  30,000  tons  when  the  rope  gave  out;  wLereas  on  another 
line  in  the  same  district,  equipped  wTith  the  ordinary  saddles,  the 
rope  gave  a  service  of  100,000  tons  before  having  to  be  replaced.  It 
is  possible  that  the  short  life  of  the  rope  on  wTiich  the  gripping  sad¬ 
dles  w*ere  used  may  have  been  partly  due  to  the  greater  stress  on  the 
rope  owing  to  the  steeper  inclinations,  to  say  nothing  of  quality,  and 
not  altogether  to  the  wearing  action  of  the  grips,  as  it  goes  without 
saying  that  the  load  stress  must  be  a  determining  factor  in  the  life 
of  a  wire  rope. 

In  this  system  as  manufactured  by  the  Ropeways  Syndicate  of  Lon¬ 
don,  under  the  Roe  patents,  the  bearing  blocks  of  the  saddles  con¬ 
sist  of  iron  pieces  with  narrow"  diagonal  fins  or  lugs  meshing  with 
the  spiral  strands  of  the  rope  in  such  a  way  that  the  resistance 
to  slipping  is  sufficient  to  admit  of  comparatively  steep  inclinations. 

Soon  after  the  exploitation  of  the  Hodgson  system  of  wire-rope  tram¬ 
ways  in  this  country,  Mr.  A.  S.  Hallidie,  of  San  Francisco,  introduced 
the  system  that  bears  his  name,  the  distinctive  feature  of  which  is  the 
rigid  or  permanent  attachment  of  the  carriers  to  the  rope  by  means  of 
ingenious  steel  clips  (Fig.  2).  The  loading  and  unloading  of  the  buckets 
in  this  system  must  be  effected  while  they  are  in  motion,  which  necessi¬ 
tates  the  running  of  the  rope  at  a  comparatively  slow  speed  (about  180 
feet  per  minute),  and  consequently  requires  a  large  outfit  of  carriers.  In 
the  transportation  of  ores  and  similar  materials  the  buckets  are  loaded 
by  means  of  a  hopper  that  moves  with  each  bucket  while  loading,  and 
returns  to  its  original  position  at  the  bin  after  the  bucket  is  filled.  The 
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usual  arrangement  consists  of  a  hopper  suspended  from  a  tubular  ]x»n- 
d ulum  about  *20  feet  long,  the  hopper  holding  enough  material  to  fill 
one  bucket.  ^  hile  under  the  chute  at  the  bin  the  hopper  is  held  be¬ 
tween  a  guide  and  a  fixed  door  or  bulkhead  which  closes  the  open  front. 
When  an  empty  bucket  reaches  the  hopper,  the  clip  from  which  it  is 
suspended  strikes  the  end  of  a  lever  that  raises  the  latch  from  its  keej.er, 


and  the  hopper  moves  along  with  the  bucket  into  which  it  delivers  its 
contents  (Fig.  3).  The  swing  of  the  pendulum  raises  it  sufficiently  high 
after  a  few  feet  of  travel  to  clear  the  rope  clip,  and  the  pendulum  with 
the  empty  hopper  swings  back  and  latches  itself  under  the  chute  at  the 
bin  to  receive  a  fresh  charge.  The  buckets  discharge  automat  icallvfrom 
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the  bottom.  Mr.  Charles  M.  Pinson,  of  Denver,  devised  a  modification 
of  the  Hallidie  system,  embodying  patented  constructions,  including 
a  very  ingenious  method  of  loading  and  automatically  dumping  the 
buckets,  and  others  have  been  introduced  differing  principally  in  the 
construction  of  the  rope-clips  and  the  arrangements  for  loading  and 
dumping  the  buckets. 

The  fact  that  automatic  loaders  and  dumpers  are  used  in  the  Hallidie 
system  of  wire-rope  tramways  has  led  to  a  common  impression  that 


Fig.  3. — Hallidie  Loader. 


these  devices  effect  an  economy  of  labor;  but  this  is  not  so,  as  it  is 
usually  found  desirable  to  have  a  man  to  watch  and  prod  them  occa¬ 
sionally  in  order  to  ensure  their  operation  at  all  times.  The  tendency 
of  improvement,  however,  is  in  the  direction  of  automatic  devices  for 
the  loading  and  discharging  of  the  buckets,  owing  to  the  high  price  of 
labor  in  the  mountainous  mining  sections,  where  this  method  of  trans¬ 
portation  is  most  widely  used.  It  goes  without  saying  that  aerial 
transportation  is  peculiarly  adapted  to  mountainous  localities,  as 
indeed  materials  mav  be  carried  in  this  wav  where  a  surface  railroad 
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would  be  utterly  out  of  the  question,  or  at  least  would  require  a  long 
detour,  involving  much  rock  excavation  and  trestlework  and  an  enor¬ 
mous  outlay  of  money. 

While  the  Hallidie  system  overcomes  the  difficulty  with  the  Hodgson 
system  in  surmounting  steep  grades  owing  to  the  slipping  of  the  box- 
heads,  the  permanent  attachment  of  the  carriers  to  the  rope  render^ 
impossible  more  than  a  single  half  lap  of  the  rope  about  tin*  terminal 
sheaves;  consequently,  where  considerable  difference  occurs  in  the 
elevation  of  the  terminal  points,  requiring  or  developing  more  than 
about  10  horse-power,  it  becomes  necessary  to  use  grip  w  heels,  to  avoid 
slipping  of  the  rope  on  the  sheaves,  which  would  otherwise  occur.  It 
will  be  observed  from  the  illustration  of  such  a  w  heel  that  t lie  rim  b 
fitted  with  a  number  or  continuous  series  of  toggle-jointed  steel  jaws 
which  bite  the  rope  by  reason  of  the  pressure  of  tin*  same  against  them, 
but  as  soon  as  relieved  of  this  pressure  they  open,  thus  offering  no 
resistance  to  the  egress  of  the  rope  (Fig.  4).  These  jaws  mav  be  readily 
renewed  as  occasion  requires,  and  while  they  are  rather  wearing  on  the 
rope,  the  wear  is  not  so  great  as  many  are  led  to  suppose;  in  fact,  it  is 
no  greater,  or  at  least  the  destructive  effect  is  no  greater,  than  that  due 
to  the  unequal  wear  of  the  grooves  in  solid  drums  or  keyed  sheaves  in 
driving  through  multiple  laps,  which  results  in  a  constant  slipping  in 
one  or  more  of  the  grooves,  or  an  overstraining  of  the  wires  by  undue 
tension.  Aside  from  the  wear  of  the  jaws,  grip  wheels  are  noisy  in 
operation,  and  it  is  desirable  to  avoid  them  if  possible.  The  difficulty 
referred  to  with  multiple  laps  about  ordinary  sheaves  does  not  apply 
to  lines  developing  power,  where  the  sheaves  are  fitted  with  indepen¬ 
dent  brakes,  and  the  carriers  are  detachable  at  the  stations,  as  in  the 
Hodgson  system,  because  the  brakes  are  applied  to  the  rims  of  the 
sheaves,  all  but  one  of  which  on  each  shaft  mav  be  mounted  loosely, 
since  the  power  absorbed  is  not  transmitted  through  tlx*  shaft,  and  the 
unequal  wear  of  the  grooves,  therefore,  in  such  constructions  cannot 
result  in  undue  stress  on  the  rope.  The  difficulty  arises  where  consid¬ 
erable  power  is  required  to  be  transmitted  through  the  shaft,  in  which 
case  a  grip  wheel  seems  to  be  the  only  thing  to  use.  The  frictional 
adhesion  of  a  grip  wheel  is  equivalent  to  about  double  tlx*  contact  on  a 
rubber  and  leather  filling,  or  treble  the  contact  on  a  plain  iron  or  steel 
surface,  which  in  most  cases  is  adequate  to  the  transmission  of  tlx*  do- 
sired  amount  of  power.  I  have  yet  to  learn  of  any  single-rope  line  re¬ 
quiring  a  greater  amount  of  power  than  could  be  transmitted  by  a 
single  grip  wheel.  Such  a  contingency  under  ordinary  conditions 
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could  only  occur  with  a  very  long  line,  or  a  line  where  the  capacity  re 
quired  is  beyond  the  capabilities  of  the  single-rope  system. 

It  is  manifest  that  a  line  where  one  rope  both  supports  and  propels 


Fig.  4. — Grip  Wheel. 


the'loads  can  only  be  adapted  to  comparatively  light  duty,  as  other- 
wiseTthe  tension  necessary  to  maintain  a  reasonable  amount  of  deflec- 
tion  between  the  supports  would  overstrain  the  rope.  For  this  reason 
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the  single-rope  system  has  failed  to  meet  the  demand  for  increaMtl  and 
heavy  outputs. 

In  such  cases  it  becomes  necessary  to  use  independent  stationary 
cables  for  supporting  the  receptacles  in  which  the  material  i-  carried, 
which  serve  also  as  tracks  for  the  carriages.-  or  trolleys,  as  they  are 
known  to  some, — from  which  the  receptacles  are  suspended,  a  lighter 
endless  traction  rope  being  employed  to  move  the  carrier-  over  the  line 
and  back,  or  one  corresponding  to  the  sendee  it  has  to  perform.  This 
in  its  general  application  is  frequently  designated  as  the  “double- 
rope”  system,  in  contradistinction  to  the  “ single- rope’’  system. 

It  is  a  curious  fact  that  Mr.  Charles  Hodgson,  when  he  took  out  his 
original  patent  in  1868,  contemplated  the  use  of  fixed  cables  for  -up- 
porting  the  loads,  and  a  lighter  rope  for  moving  them,  as  well  as  one 
rope  for  performing  both  functions;  and  although  the  latter  modifica¬ 
tion  is  the  only  one  now  associated  with  Mr.  Hodgson’s  name,  the 
former  was  the  first  one  described  in  his  patent.  Those  to  whom  Mr. 
Hodgson’s  inventions  were  entrusted,  however,  appear  to  have  ex¬ 
ploited  only  the  second  modification,  or  single-rope  system,  doubtless 
on  account  of  the  less  outlay  of  money  which  this  required;  and  there 
being  little  or  no  demand  at  that  time  for  such  appliances,  the  superior 
advantages  of  the  double-rope  system  were  not  then  appreciated. 

The  introduction  of  the  double-rope  system,  some  few  years  later, 
and  its  development  were  reserved  for  a  German  engineer,  the  late  Mr. 
Adolf  Bleichert,  of  Leipzig-Gohlis  (Fig.  5),  who  has  brought  to  bear 
upon  it  not  only  the  knowledge  of  an  able  engineer,  but  the  ingenuity  as 
well  of  a  skilled  mechanic,  every  detail  having  been  worked  out  under  hi> 
direction  with  great  care  and  precision,  and  many  novel  and  patented 
features  introduced  in  the  way  of  devices  for  gripping  the  traction  rope, 
for  coupling  the  sections  of  track  cables,  and  other  purposes,  that  have 
made  the  system  a  practical  success,  so  that  it  is  now  generally  known 
as  the  Bleichert  system.  It  was  inaugurated  in  this  country  about 
fourteen  years  ago  by  the  Trenton  Iron  Company,  who  have  introduced 
several  improvements  that  I  shall  take  occasion  to  refer  to  later,  which 
have  largely  contributed  to  the  increased  efficiency  and  economy  of 
the  system. 

The  earlier  single-rope  lines  were  very  crude  affairs,  the  aim  of  these 
constructions  apparently  having  been  cheapness  rather  than  efficiency. 
The  consequence  has  been  that  they  have  given  but  indifferent  satis¬ 
faction,  and  in  some  instances  have  proved  flat  failures,  which  has  de¬ 
terred  many  from  adopting  this  method  of  transportation. 
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With  the  vast  improvements,  however,  of  recent  years  in  the  manu¬ 
facture  of  steel  lias  been  inaugurated  a  new  era  surpassing  in  its  reali¬ 
zations  the  fondest  hopes  of  its  creators.  Improvements  in  the  art  of 
tempering,  especially,  have  resulted  in  the  manufacture  of  a  grade  of 
cast-steel  wire  possessing  a  very  high  tensile  strength  combined  with 
a  peculiar  homogeneous  molecular  structure  that  renders  it  at  the  same 


time  very  pliable.  This  grade  of  steel  has  therefore  superseded  iron  in 
the  manufacture  of  rope  for  nearly  every  purpose,  so  that  lighter  and 
less  cumbersome  equipments  are  now  practicable,  and  the  applications 
of  wire  rope  greatly  increased.  The  fact,  also,  that  light  steel  castings 
can  now  be  obtained  at  a  comparatively  low  price  has  contributed 
much  to  simplify  the  problems  connected  with  aerial  transportation. 
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Under  such  auspice's  has  Mr.  Adolf  Hleichert  labored:  not  to  sec  how 
cheap,  but  rather  how  pood  and  efficient  a  construction  could  be  pro¬ 
duced,  which  has  done  much  to  overcome  the  former  prejudice  that 
prevailed  against  aerial  transportation,  and  has  established  this  as  an 
available  and  legitimate  method,  something  more  than  a  makeshift  to 
be  adopted  only  where  a  surface  line  is  impracticable. 

A  common  impression  yet  remains  with  many  that  a  wire-ro|>e  tram¬ 
way  offers  a  cheaper  means  of  transport  than  a  surface  line;  and  while 
this  is  not  always  the  case,  it  will  be  found  in  most  instances,  and  more 
especially  where  the  ground  is  hilly  or  mountainous,  and  where  streams 
or  ravines  have  to  be  crossed,  when  the  cost  of  grading,  trestlework, 
and  bridging  necessary  for  a  surface  line  is  taken  into  consideration, 
that  the  cost  of  a  wire-rope  tramway  will  compare  very  favorably  with 
any  kind  of  surface  line.  The  truth  of  this  statement  is  attested  by  the 
fact  that  more  than  1500  wire-rope  tramways  have  been  built  under 
the  Bleichert  patents  alone,  and  about  1000  similar  lines  under  the  <  )tto 
and  other  patents,  to  say  nothing  of  the  single-rope  lines. 

The  Bleichert  system  in  its  present  development  is  adapted  to  the 
transportation  of  all  kinds  of  materials  that  admit  of  being  handled  in 
individual  loads  not  exceeding  about  a  ton  in  weight,  for  any  distance 
and  capacity  that  ordinary  requirements  are  likely  to  demand,  the 
length  in  one  instance  covering  a  distance  of  about  16  miles,  and  the 
output  in  several  instances  reaching  100  tons  per  hour. 

While  aerial  transportation  appears  to  be  meeting  with  increased 
favor  in  the  Americas,  it  has  not  yet  begun  to  be  adopted  in  this  coun¬ 
try  to  anything  like  the  extent  that  it  has  in  European  countries,  and 
it  is  doubtful  if  it  ever  will  be,  even  when  its  economy  comes  t<>  be  full v 
appreciated,  owing  to  the  accessibility  of  the  railways  in  most  in¬ 
stances,  and  the  greater  readiness  of  the  railway  companies,  which 
are  not  under  government  control  as  thev  are  in  nianv  Kuronean  conn- 
tries,  to  extend  branch  lines  to  newly  developed  sections  and  industries 
along  their  route.  The  difficulty,  also,  of  obtaining  the  right  of  way 
for  an  aerial  line,  owing  to  the  common  impression  that  such  lines  are 
detrimental  to  property  interests,  has  deterred  many  from  adopting 
this  kind  of  transportation.  This  difficulty  will  be  more  readily 
appreciated  when  it  is  understood  that  wire- rope  tramways  have  to  be 
run  in  straight  lines:  and  while  angular  bends  are  practicable,  they  arc 
objectionable  as  these  lines  are  ordinarily  constructed,  for  the  reason 
that  stations  are  required  at  such  points,  and  men  to  pass  the  buckets 
around  the  deflecting  sheaves,  thus  adding  both  to  the  first  cost  and 
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cost  of  operating.  The  necessity  for  attendants  will  be  better  under¬ 
stood  from  an  examination  of  the  ordinary  bucket  for  the  conveyance 
of  ore,  coal,  and  similar  materials,  with  the  carriage  from  which  de¬ 
pends  the  hanger  in  which  the  bucket  is  carried,  and  the  grip  for  at¬ 
taching  the  hanger  to  the  traction  rope,  constituting  in  its  entirety 
what  is  usually  known  as  a  wire-rope  tramway  car  (Fig.  6). 

Upon  arriving  at  either  terminal  or  any  station  where  the  buckets 
are  loaded  or  discharged,  the  grips  detach  automatically  from  the  trac¬ 
tion  rope,  and  the  carriages  leave  the  track  cable  to  run  on  to  the  sus¬ 
pended  shunt  rails,  along  which  the  cars  are  pushed  by  hand  to  the 
points  of  loading  or  discharge,  as  the  case  may  be,  and  also  at  the  angle 
stations  where  it  is  necessary  to  handle  the  cars  in  the  same  way,  in 


Fig.  6. — Bleichert  Tramway  of  The  Solvay  Process  Co.,  Syracuse,  X.  Y. 


order  to  clear  the  sheaves  about  which  the  traction  rope  runs,  even 
though  the  buckets  may  not  be  loaded  or  discharged  at  such  stations. 
Since  it  is  generally  desired  to  load  or  discharge  the  buckets  or  recepta¬ 
cles  at  different  points  in  any  station,  accessible  only  by  a  line  of  shunt 
rails,  and  while  not  moving,  the  advantage  of  disconnecting  from  the 
traction  rope  and  the  necessity  for  manual  labor  are  manifest,  even 
though  automatic  loaders  and  dumpers  may  be  used,  which,  as  I  have' 
already  stated,  have  not  as  yet  proved  to  be  the  desiderata  looked  for 
in  such  devices.  At  angle  stations,  however,  where  there  is  nothing  to 
do  but  pass  the  cars  by  the  sheaves,  it  is  more  reasonable  to  look  for  an 
economy  of  labor  in  the  passage  of  the  cars  without  detaching  from  the 
traction  rope.  With  the  ordinary  tramway  car,  however,  having  the 
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grip  between  the  carriage  and  the  bucket,  it  is  obvious  that  this  is 
impossible,  not  necessarily  because  the  grip  must  come  in  contact 
with  the  flanges  of  the  sheaves,  but  because  on  tin*  angle  side  of  the 
bend  the  hangers  would  come  between  the  rope  and  the  sheaves, 
which  would  cause  trouble,  to  say  the  least.  This  difficulty  is  readily 
overcome  by  running  t he  traction  rope  just  above  the  track  cables, 
and  attaching  the  grips  to  the  carriages,  or  constructing  them  a>  an 
integral  part  of  tin*  carriage  mechanism,  as  shown  in  l'ig.  7. 

The  Plymouth  Cordage  Company,  Plymouth,  Mass.,  has  a  line 
operated  in  this  way  which  is  used  for  carrying  haled  hemp  from  a 
warehouse  to  their  cordage  factory 
(Fig.  8).  The  line  makes  a  right- 
angle  bend  at  the  end  of  the  ware¬ 
house,  around  which  the  cars  pass 
without  detaching  from  the  traction 
rope.  Immediately  after  passing  this 
angle  station  the  loaded  cars  ascend 
an  incline  of  about  40  per  cent,  to  a 
guard  bridge  spanning  the  railroad 
across  which  the  cars  pass  to  their 
factory.  The  satisfactory  operation  of 
this  line  now  for  several  years  has 
fully  demonstrated  the  practicability 
of  passing  bends  automatically,  but 
this  method  of  operating  has  its  lim¬ 
itations,  since  it  is  not  always  prac¬ 
ticable  to  run  the  traction  rope  above 
the  track  cables.  In  crossing  moun¬ 
tainous  ridges  and  other  elevated 
points,  for  instance,  the  downward  pressure  of  the  traction  rope 
would  throw  the  cars  out  of  plumb,  causing  the  buckets  to  interfere 
with  the  support  timbers,  and  in  fact  may  be  great  enough  to  throw 
the  cars  off  the  track  cable  altogether,  as  actually  happened  in  one  or 
two  instances  on  experimental  lines. 

Both  the  underhung  and  overhead  grips  are  designed  to  be  auto¬ 
matically  attached  to,  as  well  as  detached  from,  the  traction  rope,  and 
in  the  latest  construction  of  the  Bleichert  grips  the  weight  of  the  car 
acts  as  the  gripping  force,  which  is  therefore  independent  of  any  nice 
adjustment  of  the  jaws  by  the  operator,  an  advantage  not  possessed  by 
the  grips  heretofore  used  (Fig.  9). 


Fio.  7. — lii.KMHEUT  Tramway  Car 
with  Automatic  Oykiuikad  U hi i\ 
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Since  the  satisfactory  operation  of  a  Bleichert  tramway  depends 
largely  on  the  efficiency  of  the  grips,  I  desire  to  call  especial  attention 
to  the  merits  of  those  with  which  the  recent  lines  in  this  country  have 
been  equipped,  known  as  the  Webber  automatic  compression  grip,  the 
invention  of  Mr.  S.  S.  Webber,  the  Assistant  Manager  of  the  Trenton 
Iron  Company. 

The  grips  heretofore  used  in  which  connection  with  the  traction  rope 
was  effected  by  frictional  contact  between  a  die  underneath  and  an 
oscillating  eccentric  cam  above,  owing  to  the  narrow  contact  against  the 


Fig.  S. — Angle  Station,  Bleichert  Tramway  op  The  Plymouth  Cordage  Co. 


cams,  could  not  be  relied  upon  to  hold  on  steep  grades,  and  had  a  ten¬ 
dency  to  flatten  the  rope  under  the  constant  rolling  action  of  the  cams. 
On  lines,  therefore,  where  steep  grades  occurred,  which  means  most  of 
the  lines  that  were  built  at  the  time,  it  was  necessary  to  use  grips  de¬ 
signed  to  embrace  lugs  secured  to  the  traction  rope  by  pins  driven  in 
between  the  strands,  or  clamped  to  it  under  heavy  pressure  at  definite 
intervals  determined  by  the  speed  and  the  amount  of  material  to  be 
transported  in  a  given  time,  and  on  some  of  the  lines  now  in  operation 
these  grips  are  still  used.  Apart  from  the  Bleichert  tramways  other 
lines  have  been  built  in  which  bulbous  excrescences  in  the  traction 
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rope,  produced  by  the  insertion  of  metallic  pieces  between  the  .strand", 
known  as  star  knots,  have  served  the  purpose  of  hips.  All  these 
devices,  however,  have  proved  destructive  to  the  rope,  not  only 
owing  to  the  distortion  of  the  wires,  and  confinement  of  the  wear  to 
such  ]x »ints,  but  also  on  account  of  the  constant  backlash  between 
the  prongs  of  the  grip  forks,  due  to  the  slight  play  necessary  in  order 
to  easily  attach  and  detach  tin*  grips  at  the  stations.  This  backlash 
causes  the  lugs  eventually  to  work  loose  and  often  slip,  which  is  not 
onlv  a  source  of  great  annovance,  but  in  one  or  two  instances  has 
resulted  in  serious  accidents. 

Anticipating  the  objection 
to  the  use  of  lugs,  soon  after 
the  Trenton  Iron  Company 
embarked  in  the  wire-rope 
tramway  business  I  conceived 
the  idea  that  a  grip  could  be 
rigidly  attached  to  the  trac- 
tion  rope  with  sufficient  pres¬ 
sure  to  hold  by  frictional  con¬ 
tact  alone  on  the  steepest 
grades,  and  thus  dispense  with 
the  use  of  lugs  altogether.  I 
devised  such  a  grip,  had  a 
couple  of  them  made  and  put 
on  cars  of  the  Solvay  Process 
Company’s  line  near  Syracuse, 

N.  V.,  in  the  summer  of  1890. 

The  grips  were  used  on  this 

line  in  an  experimental  wav  Fig.o.—Blbichbrt  Tramway  Car  «ith  Ai-to- 

hatic  Underhung  Grip,  on  an  Ahglb  of  45 
for  a  year  or  two,  and  the  Degrees. 

test  proved  so  satisfactory 

that  the  Solvay  Process  Company  decided  to  replace  the  grips  then 
used — the  old  type  of  friction  grip  that  I  have  referred  to  with 
grips  of  my  design  or  something  similar  to  them. 

It  was  about  this  time  that  Mr.  Webber  devised  his  grip  (Pig.  10). 
which  was  first  applied  in  the  fall  of  1892  on  a  line  of  tin*  Pnion  Iron 
Works  at  Buffalo,  where  the  old  friction  grip  proved  an  absolute  fail¬ 
ure.  This  line  is  used  for  conveying  iron  ore  from  vessels  alongside  a 
dock  to  a  storehouse  adjoining  the  furnaces,  and  owing  to  the  relative 
positions  of  the  storehouse  and  dock,  works  in  a  t  riangular  circuit .  The 
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ore  is  carried  in  buckets  holding  a  ton  each,  which  are  transferred  by 
three  or  four  McMyler  hoists  to  and  from  the  holds  of  the  vessels  and  the 
shunt  rails  of  the  dock  station.  The  required  capacity  at  the  outset  was 
100  tons  hourly,  but  this  has  since  been  exceeded,  as  much  as  178  tons 
per  hour  having  been  carried.  Between  the  dock  and  the  first  angle  sta¬ 
tion  the  loaded  cars  ascend  quite  an  inclination,  and  altogether  the  con¬ 
ditions  under  which  this  line  is  operated  are  exceptional.  Mr.  Web¬ 
ber’s  grip  was  thus  given  the  severest  kind  of  a  test,  and  after  experi¬ 
menting  with  it  for  some  time  and  making  a  few  changes  in  it  without 
altering  the  general  design  at  all,  it  proved  to  be  a  success  in  every  way, 
and  he  took  out  a  patent  on  it.  It  was  then  applied  to  the  cars  of  the 
Solvay  Process  Company’s  line  and  eventually  on  some  lines  in  Colo- 


Fig.  10. — Webber  Automatic  Compression  Grip  (Closed). 


rado,  among  them  one  operated  by  the  Silver  Lake  Mining  Company, 
at  Silverton,  in  which  a  very  steep  grade  occurs.  It  has  stood  the  test 
under  all  circumstances,  and  since  it  is  simple  in  construction  and 
easily  operated,  the  Trenton  Iron  Company  now  equip  their  lines  with 
these  grips  to  the  exclusion  of  the  older  styles.  The  advantage  of  such 
a  grip  is  manifest  in  the  longer  life  of  the  traction  rope,  owing  to  the 
distribution  of  the  wear  over  the  entire  rope  instead  of  confining  it  to 
certain  spots,  as  the  case  is  where  lugs  are  used.  The  jaws  of  the 
Webber  grip  are  operated  by  a  peculiar  arrangement  of  toggle-jointecl 
and  self-locking  levers  that,  when  properly  adjusted,  bite  the  grip 
with  sufficient  pressure  to  hold  securely  on  any  grade.  The  grip 
constkutes  a  direct  and  rigid  bond  between  the  car  and  the 
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Fig.  11. — Orhi.nary  Wire  Cable,  Showing  Hro- 

ken  Wires. 


rope,  and,  like  a  bulldog,  when  it  once  takes  hold  it  cannot  be 
shaken  off. 

A  few  words  in  regard  to  tin*  track  cable  may  be  of  interest.  <  Ordi¬ 
nary  wire  rope  composed  of  six  strands  laid  up  about  a  hemp 
or  wire-strand  core,  as  the  case  may  be,  is  not  well  adapted  to  such 
purpose,  owing  to  the  confinement  of  tin*  wear  to  the  crown  facos  of 
the  strand,  which  soon  results  in  tin*  wearing  out  and  fracturing  of 
the  outer  wires  under  the  constant  rolling  of  t  he*  carriage  wheels  uj  on 
them  (Fig.  11),  producing 
a  ragged  surface,  and  weak¬ 
ening  the  cable,  to  say  noth¬ 
ing  of  the  wear  of  the  car¬ 
riage  wheels  themselves, 
which  are  quickly  cut  out 
by  the  wire  whether  broken 
or  not,  even  though  the  rope 

maybe  of  seven-wire  strands,  or  composed  of  tin*  largest  size  ot  wires 
for  a  given  diameter  of  rope. 

The  track  cable  formerly  advocated  and  still  used  on  many  of  t|ie 
Bleichert  tramways,  known  as  the  smooth-coil  cable,  is  composed 
simply  of  a  number  of  comparatively  large  round  wires  coiled  in  con¬ 
centric  layers  about  a  core  wire,  the  number  of  layers  and  size  of  the 
wires  varying  according  to  the  size  of  the  cable,  and  in  appearance'  the 
cable  is  nothing  more  nor  less  than  a  large  strand.  1  he  surface  of 
this  cable,  which  resembles  that  of  a  spirally  fluted  cylinder,  present¬ 
ing  a  greater  contact  area 
to  the  carriage  wheels  than 
ordinary  rope,  and  the  larger 
size  of  the  wires,  are  the 
qualifications  that  render  it 
well  adapted  to  the  purpose 
of  a  track  cable,  and  after 
such  a  cable  has  been  in  service  for  some  time  the  outer  win's  become' 
flattened,  and  the  surface  finally  approximates  that  of  a  solid  cylin¬ 
drical  bar  (Fig.  12).  I  may  refer  here  to  a  Bleichert  tramway  of  the 
Virginia  and  Pittsburg  Coal  and  Coke  Company,  near  Fairmont,  W.Va., 
which  was  equipped  with  cables  of  this  kind.  1  his  line  was  used  about 
ten  years  for  transporting  coal  from  their  mines  on  the  west  bank  of 
the  Tvffart’s  Valiev  River  to  the  Baltimore  and  Ohio  Railroad  on  the 
opposite  bank,  a  distance  of  about  600  feet,  the  output  being  about  SO 


Fig.  12. — Smooth-coil  Track  Cable  (Worn). 
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tons  per  hour.  The  business  of  the  company  having  very  much  out¬ 
grown  the  capacity  of  the  tramway,  it  was  replaced  about  a  year  ago 
with  a  steel  bridge  over  which  the  mine  cars  are  now  taken  direct 
to  the  tipple.  At  the  time  of  discontinuing  the  operation  of  the 
tramway  the  original  cables  were  in  use,  and  no  broken  wires  have 
been  observed.  This  fact  and  the  good  condition  of  the  cable  are 
something  remarkable  in  view  of  the  amount  of  coal  that  has  been 
taken  over  this  line.  The  entire  equipment,  in  fact,  was  in  such 
good  condition  that  it  has  been  purchased  by  a  party  in  Texas,  and 
will  be  re-erected  as  part  of  a  line  for  the  transportation  of  clay  across 
the  Colorado  River  near  Austin.  The  service  of  the  track  cables  in 
this  instance,  however,  is  something  exceptional,  as  on  other  lines 
where  the  wear  has  been  greater,  owing  to  the  less  favorable  conforma¬ 
tion  of  the  ground,  the  track  cables  have  occasionally  had  to  be 
renewed.  When  broken  wires  occur  in  such  a  cable,  as  they  some¬ 
times  will,  steel  shields  specially  designed  for  the  purpose  are  re¬ 
sorted  to  for  holding 
in  place  the  ends  of  the 
wires. 

A  special  form  of 
track  cable  manufac¬ 
tured  by  the  Trenton 
Iron  Company,  known 
as  the  patent  locked- 

coil  cable,  is  now  generally  used  on  lines  of  their  construction  (Fig. 
13).  The  outer  wires  of  this  cable  are  of  such  shape  that  they  inter¬ 
lock  with  each  other,  presenting  a  surface  almost  as  smooth  as  a 
solid  round  bar,  and  yet  possessing  sufficient  flexibility  to  be  shipped 
in  coils.  These  cables,  as  well  as  those  of  the  smooth  coil  construc¬ 
tion,  are  made  in  lengths  of  from  800  to  1600  feet,  which  are  joined 
by  couplings  specially  designed  for  the  purpose.  The  couplings  are 
in  halves,  which  are  joined  by  plugs  with  right-  and  left-hand  screw 
threads,  each  half  forming  a  socket  for  the  ends  of  the  cable  (Fig.  14). 

The  interlocking  feature  of  the  outer  Avires  in  the  loeked-eoil  cable 
prevents  their  displacement  in  the  event  of  a  fracture.  This  feature, 
together  with  the  smooth  surface  of  the  cable,  renders  it  efficient  in  the 
highest  degree,  and  at  the  same  time  results  in  a  minimum  wear  of  the 
carriage  wheels. 

A  great  advantage  in  the  use  of  independent  stationary  track  cables 
is  due  to  the  high  tension  to  which  they  are  stretched,  which  results 


Fig.  13. — Patent  Locked-coil  Track  Cable. 
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in  a  comparatively  direct  path  and  a  uniform  movement  of  tin*  ears. 
In  lines  of  the  single-rope  system,  on  the  other  hand,  where  one  r«»jK* 
serves  both  to  carry  and  impart  motion  to  the  buckets,  it  i>  necessary, 
as  I  have  already  explained,  in  order  to  avoid  overstraining  the  rope, 
which  is  subjected  to  the  bending  stress  due  to  the  sheave>  about  w  hich 
it  runs,  as  well  as  tin*  load  stress,  to  maintain  a  comparatively  low 
tension,  which  results  in  greater  deflections  between  the  supports,  or 
more  of  a  wave  movement,  necessitating  not  only  lighter  loads  as  a 
rule,  but  a  slower  speed  also. 

In  the  Bleichert  system  of  wire-rope  tramways  the  weight  of  the 
loads  is  shared  to  a  certain  extent  by  both  the  track  cables  and  the 
traction  rope.  On  level  lines  the  entire  weight,  and  the  weight  of  the 
traction  rope  as  well,  is  borne  by  the  track  cables,  and  tin*  stress  upon 
the  traction  rope  is  little  more  than  the  tractive  force  required  to  move 
the  cars.  Upon  slopes,  however,  the  stress  upon  each  will  vary  accord¬ 
ing  to  the  inclination;  the  steeper  the  slope,  the  greater  being  the  stress 
upon  the  traction  rope,  and  the  less  the  pressure  upon  the  track  cables. 


Fig.  14. — Bleichert  Track  Cable  Coupling. 


Since  the  tension  of  the  track  cables,  however,  is  produced  by  weights 
at  the  terminals  or  stations  provided  for  the  purpose,  and.  theoretically 
considered,  is  independent  of  the,  cars,  tin*  influence  of  tin*  inclination 
upon  these  is  not  so  great  as  upon  the  traction  rope. 

The  usual  practice  is  to  lay  out  the  line  of  the  track  cables  for  a 
maximum  safe  working  tension,  and  erect  the  supports  to  ihi>  line,  the 
cables  being  weighted  to  a  somewhat  lower  tension,  so  that  there  may 
be  no  possibility  of  their  rising  out  of  the  saddles  upon  w  hich  they  rest. 
It  is  evident,  therefore,  that  the  spacing  of  the  supports  will  be  gov¬ 
erned  by  the  contour  of  the  ground,  and  on  mountainous  linos  or  lino 
over  rugged  ground  these  are  spaced  more  closely  on  the  elevated  por¬ 
tions  of  the  route  than  in  the  valleys  or  depressions  (1  ig.  b>). 

On  level  ground  or  ground  of  uniform  grade  tin*  supports  are  spaced 
from  150  to  250  feet  apart,  the  longer  distances  being  observed  on  the 
steeper  inclinations;  but  when  rivers,  ravines,  or  depressions  have  to 
be  crossed,  the  contour  of  the  ground  or  the  intervening  objects  and 
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the  deflection  of  the  cables  will  determine  the  length  of  span  that  may 
be  made.  Spans  of  1000  to  1500  feet  are  not  uncommon,  and  in  one  or 
two  instances  spans  of  over  2000  feet  have  been  made.  The  consid¬ 
erations  governing  the  practicable  limit  of  span,  assuming  the  contour 
of  the  ground  presents  no  obstacles,  will  be  the  pressure  and  angle  of 


Fig.  15. 


the  cables  at  the  supports  and  the  wear  upon  them  incident  thereto 
and  upon  the  carriage  wheels. 

The  line  of  the  Keystone  Coal  Mining  Company  at  East  Brady,  Pa. 
(Fig.  16),  crosses  the  Allegheny  River  in  a  clear  span  of  something  over 
1000  feet.  The  length  of  this  line  is  1400  feet,  with  a  fall  of  200  feet, 
which  is  sufficient  to  operate  by  gravity  on  an  output  of  40  tons  per 
hour,  the  line  being  designed  for  an  ultimate  capacity  of  80  tons  per 
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hour.  A  clear  span  of  1 173  feet  occurs  where  the  line  of  the  Hunker 
Hill  ami  Sullivan  Mining  and  Concentrating  Company  crosses  the  tow  n 


Uleichcrt  Tramway  of  the  Keystone 
Coal  Mining  Co..  East  I’.rady.  Pa. 


Fig.  16. 
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Uleichert  Tramway  of  The  Hunker  Hill  ami  Sullivan  Mining  ami  Con*  miratin,;  Company 
9  Showing  lony  span  across  the  town  of  Wardncr.  Idaho. 


of  Wardner,  Idaho  (Fig.  17).  This  line  is  9000  feet  long  and  has  a 
daily  capacity  of  400  tons.  I  might  name  many  other  instance."  of 
long  spans,  but  the  two  illustrations  given  will  suffice. 
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The  track  cables  are  held  to  a  maximum  safe  tension  by  weights  ap¬ 
plied  at  one  or  other  of  the  terminal  stations,  usually  at  the  lower  one. 
In  lines  of  considerable  length  or  exceeding  about  a  mile  it  becomes 
necessary,  owing  to  the  saddle  friction,  to  apply  tension  at  intermediate 
points  also,  the  location  of  which  is  determined  by  the  contour  of  the 
ground  (Fig.  18).  The  track  cables  are  parted  at  these  points,  the  ends 
of  the  higher  section  being  counterweighted,  and  of  the  lower  section 
rigidly  anchored.  The  cars  pass  from  one  section  of  the  cable  to  the 
next  by  means  of  intervening  shunt  rails,  without  detaching  from  the 
traction  rope,  so  that  no  interruption  occurs  in  the  continuity  of  the 


Fig.  18. — Tension  Station. 


track,  and  no  labor,  therefore,  is  required  at  such  stations.  Should  such 
a  structure  be  located  in  a  valley  or  ravine,  both  cable  ends  would  be 
counterweighted,  or  if  on  the  crest  of  a  hill  both  ends  would  be  an¬ 
chored,  so  that  these  stations  are  designated  as  double  tension,  anchor¬ 
age  tension,  or  double  anchorage  stations,  as  the  case  may  be.  Where 
the  line  makes  a  sharp  bend  over  a  ridge  or  projecting  place  in  the 
ground,  supporting  structures  are  used  known  as  rail  stations,  consist¬ 
ing  simply  of  a  series  of  bents  from  10  to  15  feet  apart,  supporting 
shunt  rails  which  overlay  the  track  cables,  and  save  them  from  undue 
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wear.  Such  stations  are  often  combined  with  tension  stations.  In 
order  to  properly  layout  the  line  of  a  wire-rope  tramway,  therefore, 
a  profile  made  from  an  accurate  survey  of  the  route  b  of  prime  im¬ 
portance. 

It  goes  without  saying,  I  think,  that  aerial  transportation  b\  means 
of  wire  cables  is  hardly  adapted  to  passenger  traffic.  While  the  use  of 
such  lines  for  this  purpose  has  frequently  been  contemplated,  more 
especially  for  reaching  places  that  would  be  difficult  of  access  by  a  sur¬ 
face  road  of  any  kind,  the  risk  of  accident,  to  say  nothing  of  the  unwill¬ 
ingness  of  manufacturers,  as  a  rule,  to  assume  any  responsibility  for  the 
satisfactory  operation  of  such  lines,  has  precluded  their  installation. 
While  the  chance  of  accident  may  be  little  or  no  greater  than  on  surface 
lines,  if  an  accident  does  occur  it  is  very  apt  to  result  in  loss  of  life. 
The  construction  of  a  suitable  carriage  in  which  a  person  may  ride  with 
comfort,  or  at  least  with  some  degree  of  security,  is  something  of  a 
problem.  Having  been  called  upon  at  one  time  to  devise  a  car  of  this 
kind,  and  after  giving  the  matter  some  study,  I  arrived  at  the  conclu¬ 
sion  that  a  coffin  suspended  between  two  carriages  would  be  tin*  safest 
and  most  comfortable  thing  to  ride  in,  and  then,  if  an  accident  did 
occur,  the  coffin  might  be  found  useful  in  another  way. 

While  the  wire-rope  tramway  business  is  one  involving  tin*  consid¬ 
eration  of  many  serious  and  some  risky  problems,  it  is  not  altogether 
devoid  of  humorous  incident. 

In  the  mining  sections,  for  instance,  these  lines  are  frequently  used 
by  the  miners,  at  their  own  risk,  of  course,  in  going  to  and  from  their 
work,  and  the  story  is  told  of  a  man  who,  at  tin*  end  of  his  day’s  work, 
got  into  a  bucket  to  go  home  as  he  had  been  in  the  habit  of  doing,  but 
he  miscalculated  the  time  of  transit.  The  line  was  shut  down  before 
he  reached  the  terminal  station,  leaving  him  suspended  about  the  mid¬ 
dle  of  along  span,  something  like  200  feet  above  ground,  with  the  pros¬ 
pect  of  spending  a  rather  uncomfortable  night.  His  failure  to  put  in 
an  appearance  at  supper  caused  his  family  considerable  apprehension 
for  his  safety,  and  after  waiting  some  time  for  him  and  he  still  failed  to 
put  in  an  appearance,  rumors  were  hinted  of  foul  play.  His  friends 
got  together  and  went  out  in  search  of  him,  but  it  was  some  time  be¬ 
fore  he  was  finally  discovered,  when  the  tramway  was  put  in  motion 
and  the  man  rescued  from  his  perilous  position. 

Some  years  ago,  I  built  a  line  at  Charleston,  S.  (  ..  for  t  he  conveyance 
of  cotton.  The  bales,  as  they  came  from  the  press  and  adjoining  w  are¬ 
houses,  were  hoisted  to  the  loading  terminal  at  some  elevation,  and 
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conveyed  above  the  roofs  of  the  warehouses  across  the  street  skirting: 
the  oast  side  of  the  city,  to  the  discharge  terminal,  located  on  the  end  of 
a  wharf,  where  the  bales  were  dumped  automatically  into  a  chute,  and 
thence  delivered  to  the  vessels  alongside  (Fig.  19).  In  starting  the  line 
I  ran  it  empty  for  a  while  to  make  sure  that  everything  was  in  proper 
working  order  before  putting  it  in  service,  and  was  somewhat  annoyed 
by  persons  climbing  up  on  the  roofs  of  the  warehouses  by  the  ladders 
provided  for  use  in  case  of  fire,  and  jumping  on  the  platform  carriers 
as  they  passed  for  the  mere  pleasure  of  a  ride,  the  line  being  but  700  feet 
long,  notwithstanding  the  fact  that  I  had  ordered  trespassers  off  for 


Fig.  19. — Bleichert  Tramway  of  The  East  Shore  Terminal  Co.,  Charleston,  S.  C. 

fear  of  accident.  These  orders,  however,  were  not  heeded,  and  seeing 
a  man  get  on  a  carrier,  I  signaled  the  engineer  to  shut  down  when  he 
arrived  about  the  center  of  the  span  across  the  street.  It  was  a  very 
hot  day,  and  there  happened  at  the  time  to  be  many  people  on  the 
street,  which  is  one  of  the  busiest  of  the  city,  many  colored  people,  and 
whites  as  well,  congregating  here  in  their  occupations  or  on  the  lookout 
for  jobs  in  loading  and  unloading  of  the  vessels  constantly  coming  in 
and  departing.  The  actions  of  the  man  in  begging  to  be  released  from 
his  lofty  perch  created  some  excitement  and  soon  resulted  in  the  gath¬ 
ering  of  a  large  crowd  to  jeer  and  poke  questions  at  him,  somewhat  to 
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Fig.  20. — Pikh  Terminal.  IIi.eichert  Tramway  op  The  Trinidad  Asphalt  Co.,  Trinidad. 
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his  discomfiture.  It  is  not  necessary  for  me  to  repeat  any  of  the  con¬ 
versation  that  passed,  which  can  well  be  imagined.  It  is  sufficient  to 
say  that  the  man  had  no  desire  to  take  any  more  rides. 

A  curious  circumstance  related  of  this  wire-rope  tramway,  in  connec¬ 
tion  with  a  severe  storm  that  swept  the  Atlantic  Coast  and  which 
wrecked  many  of  the  wharf  structures  along  the  east  side  of  Charleston, 
is  that  the  wharf  shed  over  which  this  line  ran  was  the  only  one  in  the 
vicinity  that  remained  intact  and  was  uninjured  in  any  way,  the  cables 
serving  to  hold  it  in  place. 

The  adaptability  of  the  Bleichert  system  of  wire-rope  tramways  to 
the  loading  of  vessels  is  well  illustrated  in  the  line  of  the  Trinidad 
Asphalt  Company,  on  the  island  of  Trinidad,  for  conveying  asphalt 
from  the  pitch  lake  about  a  mile  inland  (Fig.  20).  The  loading  termi¬ 
nal  is  located  at  the  edge  of  the  lake,  and  the  discharge  terminal  upon 
an  iron  pier,  350  feet  long,  built  out  in  deepwater,  1750  feet  from  the 
shore;  in  fact,  the  entire  structural  work  is  of  iron — terminal  stations  as 
well  as  supports.  The  line  runs  over  nearly  level  ground,  the  pier  being 
but  80  feet  lower  than  the  surface  of  the  lake,  and  recpiires  about  20 
horse-power  to  operate  on  an  output  of  75  tons  per  hour.  At  the  loading 
terminal  the  line  connects  with  a  surface  tramway,  running  in  a  circuit 
over  the  lake,  the  consistency  of  the  material  being  such  as  to  render 
this  practicable.  While  the  material  in  the  center  of  the  lake  is  quite 
soft,  it  is  hard  enough  for  a  considerable  distance  from  the  border  to 
support  heavy  weights;  so  hard,  in  fact,  that  the  original  design  con¬ 
templated  an  extension  of  the  Bleichert  tramway  over  the  lake,  with 
loading  terminal  near  the  center  and  lateral  branches  to  the  diggings. 
It  was  discovered,  however,  that  the  whole  mass  of  asphalt  was  in  slow 
motion,  the  movement  being  discernible  only  after  a  lapse  of  long 
intervals,  by  the  relative  changes  in  the  positions  of  the  small  islands. 
This  made  necessary  the  termination  of  the  Bleichert  line  at  the  border 
of  the  lake,  the  adoption  of  a  surface  tramway  for  the  lake  haul,  and  the 
transference  of  the  buckets  from  one  line  to  the  other  by  a  hydraulic 
lift  specially  designed  for  the  purpose  (Fig.  21).  The  surface  cars  each 
hold  two  buckets,  and  are  moved  by  an  endless  rope  running  continu¬ 
ously  in  one  direction,  to  which  they  are  attached  by  means  of  grips. 
One  engine  operates  both  lines.  To  avoid  the  slow  submergence  of  the 
track,  which  would  occur  if  laid  directly  on  the  asphalt  surface,  the 
rails  are  laid  on  a  corduroy  of  palm,  resting  on  a  mattress  of  cocorite 
palm  leaves.  At  certain  points  in  the  circuit,  guy  lines  extend  to 
anchorages  on  the  shore  in  order  to  keep  the  track  in  place. 


II cU'itt — A t  rial  ( 


Tra  importation. 


311 


3 


Fig.  21. — Lake  Haul  ok  The  Trinidad  Asphalt  Co.,  Trinidad. 


312 


Hewitt — Aerial  Cable  Transportation. 


A  common  method  of  transferring  the  buckets  to  and  from  surface 
cars,  which  requires  no  mechanical  appliance,  is  by  laying  the  surface 
rails  under  the  terminal  shunt  rails,  so  as  to  form  a  circuit  with  them, 
and  on  inclinations  sufficient  to  lift  the  buckets  from  the  hangers  on  one 
side,  and  drop  them  into  the  hangers  on  the  other  side,  as  the  hangers 
and  surface  cars  are  moved  along  together  (Fig.  22).  An  instance  of 
this  method  of  transferring  the  buckets  is  in  the  line  of  the  Mathieson 
Alkali  Company,  at  Saltville,  Ya.  Mr.  W.  D.  Mount,  the  Superin¬ 
tendent,  writes  that  “the  system  of  transferring  the  empty  buckets  to 
the  cars  and  the  loaded  buckets  from  the  cars  to  the  wire-rope  tram- 


Fig.  22. —  Method  of  Transferring  Bleichert  Tramway  Buckets  to  Surface  Cars. 

way  again  has  not  been  changed  in  the  slightest  detail  since  it  was 
erected,  and  is  in  every  way  satisfactory  as  laid  out  originally.  We 
cannot  see  how  it  could  be  improved,  and  would  strongly  recommend 
it  in  any  future  installations  you  may  put  up  where  such  an  arrange¬ 
ment  is  necessary.” 

A  remarkable  line  for  loading  vessels  is  that  of  the  Yivero  Iron  Ore 
Company  in  Spain,  built  by  Adolf  Bleichert  A  Co.  (Fig.  23).  The  load¬ 
ing  station  of  this  line  is  located  just  below  the  discharge  station  of  a 
separate  and  independent  wire-rope  tramway  that  delivers  the  ore  upon 
a  rock  slope  at  the  lower  end  of  which  is  a  tunnel  or  excavation,  also  in 
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solid  rock,  whore  the  buckets  are  loaded  from  chutes.  The  buckets, 
holding  something  over  a  ton,  are  despatched  at  the  rate  of  four  a 
minute,  equivalent  to  an  output  of  250  tons  per  hour.  The  track  is 
entirely  of  overhead  rails  on  an  iron  superstructure,  supported  by  iron 
towers  erected  upon  the  jagged  rocks  at  the  water’s  edge  and  a  canti¬ 
lever  substructure  resting  upon  a  stone  pier  built  in  the  water.  At 
the  outer  end  of  this  structure  is  the  discharge  terminal  where  the 
ore  is  delivered  to  the  hold  of  the  vessels  by  a  long  chute. 

A  wire-rope  tramway  offers  a  convenient  method  of  transport  for 
material  across  railroads,  streets,  and  highways,  where  a  surface  line 
would  be  impracticable  or  disallowed.  In  such  cases  it  is  usual  to  pro¬ 
vide  some  safeguard  against  accidents.  The  commonest  and  cheapest 
thing  is  a  wire  net  stretched  just  below  the  path  of  the  buckets,  usually 
between  two  supports  located  on  either  side  of  the  railroad  or  street. 
Such  a  guard  net  may  be  seen  in  the  wire-rope  tramway  at  the  works  of 
the  Trenton  Iron  Company,  which  crosses  one  of  the  main  avenues  of 
the  city.  The  line  is  used  for  taking  coal  from  a  stock  pile  on  the  south 
side  of  the  street  to  the  boiler-house  on  the  north  side,  crossing  also  a 
canal  basin  and  passing  over  one  of  the  main  buildings.  Figure  24 
is  a  view  of  a  Russian  line  built  by  Adolf  Bleichert  &  Co.,  where  it 
crosses  a  village  street.  More  substantial  guard  bridges  are  frequently 
erected  in  crossing  a  main  line  of  railroad  or  other  thoroughfare  where 
the  travel  warrants  the  greatest  precaution.  I  have  already  referred 
to  a  bridge  of  this  kind  which  occurs  in  the  wire-rope  tramway  of 
the  Plymouth  Cordage  Company,  Plymouth,  Mass.  A  notable  in¬ 
stance  of  such  a  bridge  is  in  the  Bleichert  tramway  of  the  Cambria 
Steel  Company,  at  Johnstown,  Pa.,  which  crosses  the  main  tracks  of 
the  Pennsylvania  Railroad.  This  bridge  is  covered  with  sheet-iron 
and  is  a  very  substantial  structure,  as  will  be  observed  from  the 
picture  (Fig.  25). 

The  lines  to  which  I  have  referred  and  illustrated  I  think  will  be  suffi¬ 
cient  to  convey  a  fair  idea  of  the  capabilities  and  adaptabilities  of  this 
method  of  transportation,  so  that  I  can  now  pass  on  to  consider  briefly 
the  methods  of  aerial  transportation  in  vogue  for  handling  individual 
loads  beyond  the  capacity  of  a  wire-rope  tramway,  and  more  especially 
where  it  is  necessary  to  raise  and  lower  the  loads  vertically  as  well  as 
move  them  horizontally,  commonly  known  as  cable  hoist-conveyors. 

Such  lines  are  distinct  from  wire-rope  tramways  in  the  feature  of 
handling  single  loads,  which  necessarily  limits  their  range  to  compara¬ 
tively  short  distances,  usually  consisting  of  a  single  span  between  the 
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supporting  or  anchorage  points.  1  he  construction  of  the  ordinary 
carriage,  which  straddles  the  cable,  is  also  a  determining  feature  of  the 
single  clear  span.  Intervening  supports  have  been  introduced  in  some 
instances  in  order  to  avoid  high  and  expensive  towers,  but  in  this  case 
it  is  necessary  to  have  a  double  line  of  track  cables,  and  a  carriage  with 
track  wheels  outside  the  frame  in  order  that  it  may  pass  the  supports. 
This  construction  has  been  followed  mostly  in  movable  lines  designed 
for  the  loading  and  unloading  of  vessels  and  other  special  purposes. 

The  simplest  form  of  cable  hoist-conveyor  is  that  in  which  the  track 
cable  is  inclined  sufficiently  for  the  carriage  to  descend  by  gravity 
(Fig.  26).  In  this  case,  where  the  loading  and  discharge  are  effected 


Fig.  25. — Bleichert  Tramway  of  The  Cambria  Steel  Co.,  Showing  Guard  Bridge 

across  the  Pennsylvania  Railroad. 


at  definite  points,  but  one  moving  rope  is  required,  and  an  engine  with 
single  drum,  the  rope  being  reeved  through  the  carriage  and  fall-block 
in  a  sufficient  number  of  parts,  so  that  the  hoisting  resistance  is  less  than 
the  resistance  to  traction.  Such  lines  have  been  used  for  years  quite 
extensively  in  the  quarries  of  Pennsvlvania  and  Vermont.  At  the  lower 
end  of  the  cable,  or  near  the  lower  end,  a  sto2>block  is  clamped  to  it 
which  arrests  the  carriage  in  its  descent,  and  the  rope  continuing  to  be 
paid  out,  the  bucket,  skip,  or  other  appliance  for  carrying  the  load  drops 
to  the  ground  or  into  the  pit  of  the  quarry.  I  pon  depositing  or  taking 
on  a  fresh  load,  the  motion  of  the  hoisting  rope  is  reversed,  the  fall- 
block  rising  until  it  encounters  the  carriage,  which  proceeds  to  move 
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uj)  the  cable  until  the  point  of  loading  or  discharge  is  reached,  as  the 
case  may  be.  Here  it  engages  a  latch  clamped  to  the  cable,  which  pre¬ 
vents  the  carriage  running  back  while  the  fall-block  is  lowered.  As 
soon  as  the  carriage  is  latched  the  power  is  thrown  off  the  hoisting 
drum,  and  the  lowering  effected  under  control  of  a  brake.  The  latch 
and  the  stop-blocks  are  so  designed  that  they  can  readily  be  shifted 
to  correspond  with  varying  points  of  loading  or  discharge.  In  some 
cases  a  V-shaped  frame  pivoted  at  the  mast  or  support  is  used  in 
place  of  a  latch  for  holding  the  carriage.  The  frame  or  latch,  as  the 
case  may  be,  is  worked  by  a  light  hand  rope  that  hangs  from  the  back 
end. 

Inclined  cable  hoist-conveyors  are  sometimes  operated  where  the 
resistance  to  traction  is  less  than  the  hoisting  resistance,  by  latching 
the  fall-blocks  to  the  carriage,  and  several  ingenious  constructions  have 
been  devised  and  patented  for  this  purpose.  If  the  load  is  raised  it  is 
necessary  also  to  use  a  latch  in  place  of  the  stop-block. 

The  least  inclination  on  which  a  cable  hoist-conveyor  of  this  kind  can 
be  satisfactorily  operated,  or,  more  strictly  speaking,  the  least  differ¬ 
ence  in  the  elevation  of  the  cable  supporting  points,  since  the  cable 
hangs  in  a  curve,  depends  somewhat  upon  whether  the  loads  are  raised 
or  lowered,  and  varies  from  one  in  three  to  about  one  in  five. 

Where  the  inclination  is  not  sufficient  for  the  carriage  to  descend  by 


gravity,  or  if  the  terminal  points  are  upon  the  same  elevation,  the 
movement  of  the  carriage  is  effected  by  a  separate  and  independent 
rope,  known  as  the  hauling  rope,  and  an  engine  with  two  drums  con¬ 
sequently  is  required  for  operating.  The  first  line  of  this  kind  was 
built  and  operated  by  Milo  W.  Locke,  a  contractor  of  Baltimore,  who 
had  occasion  to  adapt  an  inclined  cable  hoist-conveyor  which  he  used 
in  constructing  the  piers  of  the  Baltimore  and  Ohio  Railroad  bridge 
over  the  Brandywine,  near  Wilmington,  to  a  quarry  in  the  neighbor¬ 
hood,  of  which  he  became  manager,  and  where  the  lay  of  the  ground 
made  it  necessary  to  apply  power  for  moving  the  carriage. 

Such  lines  are  now  extensively  used  for  quarry  and  open-cut  work  of 
all  kinds,  stripping,  piling,  dam  building,  and  other  purposes  where 
derricks  would  be  impracticable  or  cumbersome,  to  say  the  least.  The 
advantage,  moreover,  of  having  a  clear  space  for  the  men  to  work  in  is 
sufficient  to  commend  them  to  quarrymen  and  contractors,  to  say 
nothing  of  their  exemption  from  injury  by  flood,  fire,  or  explosives. 
They  are  not,  however,  exempt  from  overstrain,  but  many  using  such 
lines  do  not  seem  to  realize  that  a  line  built  to  carry  a  certain  load  will 
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not  safely  carry  one  of  double  the  weight.  I  once  happened  to  witness 
an  attempt  to  extricate  with  a  cable  hoist-conveyor  a  large  stone  from 
a  mass  of  others,  some  of  which  partially  overlaid  it.  The  weight  of  the 
stone  in  itself  was  beyond  the  capacity  of  the  cable,  and  the  result  was 
the  complete  collapse  of  the  head  tower,  and  falling  of  the  cable,  roj>es, 
carriage,  etc.,  into  the  quarry.  The  cable  was  uninjured. 

Cable  hoist-conveyors  of  this  kind  are  generally  designated  as  end¬ 
less-rope  hoist-convevors  from  the  fact  that  the  hauling  rope  is  njx»r- 
ated  in  a  circuit  about  sheaves  in  the  tower-head,  and  is  driven  from  a 
drum  with  an  oval-faced  rim  around  which  it  is  lapped  a  sufficient 
number  of  times  to  give  the  necessary  frictional  adhesion,  the  two  ends 


Fig.  27. — Caulk  Hoist-con vkyor  Engink. 


being  attached  to  the  carriage,  so  that  it  works  practically  as  a  reversi¬ 
ble  endless  rope,  although  in  reality  it  is  not  endless. 

The  hoisting  rope  in  the  Locke  arrangement,  as  built  by  the  Lidger- 
wood  Manufacturing  Company,  is  operated  from  an  ordinary  grooved 
drum,  and  runs  over  a  sheave  in  the  tower-head,  direct lv  to  the  car- 
riage  and  fall-block,  about  tin*  sheaves  of  which  it  is  reeved  in  as  many 
parts  as  may  be  necessary.  The  drums  for  operating  both  ropes  are 
usually  mounted  upon  one  bedplate  with  the  engine,  constituting  a 
type  of  hoisting  engine  built  expressly  for  operating  these  lines  (Tig. -7). 
To  move  the  carriage  both  drums  are  put  in  motion,  the  hoisting  rope 
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coiling  up  or  paying  out,  as  the  case  may  be,  at  an  even  rate  with  the 
hauling  rope.  To  raise  or  lower  the  load  or  empty  fall-block,  the 
power  is  released  from  the  hauling  drum  and  the  brake  applied,  which 
holds  the  carriage  at  the  desired  point  while  the  hoisting  drum  alone  is 
operated.  An  essential  feature  of  these  lines,  generally,  is  the  manner 
of  supporting  the  hoisting  rope  between  the  carriage  and  tower-head 
by  means  of  so-called  fall-rope  carriers.  Without  these  the  unloaded 
rope  would  fail  to  render  through  the  fall-block,  and  would  sag  unduly 
owing  to  the  overbalancing  tension  due  to  its  weight.  The  use  of  fall- 
rope  carriers  may  be  obviated  on  comparatively  short  lines  by  simply 
weighting  the  fall-block,  but  in  most  instances  they  are  a  necessity  on 
lines  of  this  kind. 

The  first  fall-rope  carriers  consisted  each  simply  of  a  couple  of  bat¬ 
tens  or  strips,  between  which  revolved  two  small  rollers,  the  upper 
running  on  the  track  cable,  and  the  lower  supporting  the  hoisting  rope. 
The  carriers  were  connected  by  light  chains  which  hung  in  festoons 
from  one  to  the  other  and  the  tower-head  (Fig.  28).  These  chains  were 
cumbersome,  especially  on  long  spans  where  a  great  many  were  required, 
and  a  source  of  constant  trouble  and  annoyance  on  account  of  their  en¬ 
tanglement  and  breakage,  to  say  nothing  of  their  interference  with 
objects  below  the  line.  The  chain-connected  carriers  have  been  su¬ 
perseded  almost  entirely  by  the  arrangement  of  carriers  devised  by  Mr. 
Spencer  Miller,  who  has  given  the  subject  much  study  and  taken  out 
numerous  patents  on  devices  for  this  purpose  (Fig.  29).  The  spacing 
of  the  Miller  carriers  in  the  ordinary  arrangement  is  effected  by  a 
light  rope,  stretched  between  the  towers  or  supports  just  above  the 
track  cable,  attached  to  which  at  definite  intervals  are  oval-shaped 
buttons,  varying  in  size  and  corresponding  in  number  to  the  number 
of  carriers.  When  the  carriage  is  close  to  the  main  tower  from  which 
the  line  is  operated,  the  carriers  all  rest  on  a  pointed  arm,  or  “horn,” 
as  it  is  termed,  projecting  from  the  rear  of  the  same  just  above  the 
track  cable,  the  button  rope  passing  between  the  strips  forming  the 
sides  of  the  carriers.  As  the  carriage  is  moved  out  it  encounters 
the  first  button,  which  is  of  such  size  that  it  passes  through  all  the 
carriers  but  the  last,  which  drops  off  on  to  the  track  cable;  the  next 
button  knocks  off  the  next  carrier,  and  so  on  until  all  the  carriers  are 
knocked  off  or  as  many  as  the  buttons  passed.  In  returning,  the  car¬ 
riers  are  picked  up  again  by  the  horn  of  the  carriage  as  it  passes  the 
buttons.  The  objections  to  the  Miller  carriers  are  the  constant 
hammering  that  the  buttons  are  subjected  to,  which  either  knocks 
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them  loose  in  time  or  breaks  them,  and  the  abrasion  of  the  button 
rope  against  the  carriers,  which  soon  wears  it  out. 

The  system  of  cable  hoist-conveyors  manufactured  by  the  Trenton 
Iron  Company,  known  as  the  Laurent-Cherry  system,  dispenses  alto¬ 
gether  with  fall-rope  carriers,  by  operating  the  hoisting  rope  in  an  end¬ 
less  circuit  like  the  hauling  rope,  to  which  it  is  attached  by  a  patented 
swivel  connection  between  the  carriage  and  tail  tower,  a  short  piece  of 
rope,  or  from  which  connection  extends  one  end  of  the  rope  forming 
the  circuit,  which  is  reeved  through  the  carriage  and  fall-block  (Fig.  30). 


Fig.  29. — Miller  Patent  Fall-rope  Carriers. 


The  fall-block  is  weighted  sufficiently  to  overbalance  the  back  pull  of 
this  end  or  piece  of  rope,  which  is  merely  long  enough  for  the  greatest 
vertical  lift.  The  hoisting  rope  is  also  counterweighted  at  the  tower 
where  the  engine  is,  in  order  to  ensure  a  uniform  tension.  In  thus  dis¬ 
pensing  with  fall-rope  carriers  the  expense  of  maintaining  them  is  not 
only  obviated,  but  it  becomes  practicable  to  move  the  carriage  at  a 
greater  speed,  so  that  the  capacity  to  handle  a  certain  amount  of  mate¬ 
rial  in  a  given  time,  under  similar  conditions,  is  correspondingly  in¬ 
creased. 

A  good  illustration  of  such  a  line  is  one  built  for  the  LTiited  States 
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Government  under  the  direction  of  Major  Frederick  V.  Abbot,  and  used 
in  the  construction  of  one  of  four  dams  for  the  improvement  of  naviga¬ 
tion  in  the  Mississippi  River  between  St.  Paul  and  Minneapolis  (1  ig.31). 
The  clear  span  between  the  towers,  which  are  mounted  on  truck',  is 
1150  feet,  the  longest  yet  made  with  a  movable  cable  hoist-conveyor. 
The  line  is  capable  of  handling  loads  of  five  tons  at  a  speed  of  MM)  feet 
per  minute,  and  is  operated  by  an  engine  rated  at  50  horse-power. 
A  speed  of  1200  feet  per  minute,  in  fact,  has  been  attained  at  times 
■  without  any  appreciable  vibration. 

Inclined  cable  hoist-conveyors  are  sometimes  operated  by  two  ropes 
where  it  is  desired  to  load  and  unload  at  different  points.  An  instance 
of  such  a  line  is  the  cable  hoist-conveyor,  also  used  by  the  Tinted  States 
Government  in  the  improvement  of  the  Mississippi  River,  formerly  at 


Tail  Tower 


Fig.  30. —  Arrangement  of  Hoisting  Rope  in  Laurf.nt-Cheruy  Patent  Cabm 

Hoist-conveyor. 


Britts  Landing,  Wis.,  and  now  at  La  Moille,  Minn.,  where  similar  con¬ 
ditions  prevail.  The  span  at  Britts  Landing  was  SI  1  feet  and  differ¬ 
ence  in  elevation  of  towers  3S7  feet,  tin*  upper  tower  being  12  foot  high 
and  the  lower  tower  70  feet  high.  The  view’  of  the  lower  tower  shows 
the  carriage  with  loaded  skip,  weighing  about  0  tons,  hanging  from  it 
(Fig.  32).  The  line  is  operated  by  a  50  horse-power  engine,  handling 
over  300  yards  per  day  of  eight  hours. 

A  more  flexible  track  cable  is  required  for  cable  hoist-conveyors  than 
wire-rope  tramways,  owing  to  the  greater  deflection,  w  hich  is  regulated 
by  a  turnbuckle  or  tackle-block  take-up  at  one  of  the  anchorages  to 
correspond  with  a  maximum  safe  working  tension,  and  the  heavy, 
bending  stress  that  it  is  subjected  to  by  the  carriage  w  heels.  Cast-steel 
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Fig.  31. — Head  Tower.  Laurent-Cherry  Patent  Cable  Hoist-conveyor  at  St 

Paul,  Minn. 
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Transportation. 


Fig.  32. —  Lower  Tower.  Cauls  Hoist-conveyor  at  Huitts  Landing,  Wis. 
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rope  of  nineteen-wire  strands  is  used  for  this  purpose,  of  diameters 
varying  with  the  load  up  to  2f  inches.  The  cable  advocated  by  the 
Trenton  Iron  Company  is  that  known  as  the  patent  locked-wire  cable, 
which  is  similar  in  its  construction  to  the  patent  locked-coil  cable 
already  described,  used  for  the  track  cables  of  wire-rope  tramways, 
and  differs  from  it  only  in  being  made  of  wires  possessing  a  greater  ten¬ 
sile  strength,  and  of  finer  size  for  a  given  diameter  (Fig.  33).  Larger 
cables,  too,  are  generally  used  on  account  of  the  heavier  loads.  Such 
a  cable,  2  inches  in  diameter,  has  been  used  on  a  cable  hoist-con¬ 
veyor  at  the  works  of  the  United  States  Cast  Iron  Pipe  and  Foun¬ 
dry  Company  (formerly  Dennis  Long  &  Co.),  Louisville,  Ky.,  since 
1893,  carrying  on  an  average  of  400  tons  daily,  and  is  still  in  good 
condition,  but  one  broken  wire  having  been  observed.  It  is  also 
used  on  the  lines  built  for  the  United  States  Government  already  re¬ 
ferred  to,  and  many  others,  with  entire  satisfaction. 


Fig.  33. — Patent  Locked-wire  Cable. 


In  closing  this  discourse  you  will  note  that  two  general  methods  of 
aerial  transportation  have  been  considered — wire-rope  tramways, 
which  are  adapted  to  the  conveyance  of  materials  unlimited  distances 
in  comparatively  light  individual  loads,  and  cable  hoist-conveyors 
adapted  to  the  handling  of  single  heavy  loads  comparatively  short  dis¬ 
tances.  Modifications  of  these  methods  have  been  devised  for  special 
situations  and  purposes,  but  I  shall  not  trespass  further  on  }’our  atten¬ 
tion  with  the  consideration  of  these. 

I  might  refer  to  the  special  wire-rope  lines  for  skidding  logs,  but  as 
these  operate  mostly  by  dragging  the  logs  wholly  or  partly  on  the 
ground,  they  can  hardly  be  considered  under  the  head  of  aerial  trans¬ 
portation.  Such  lines,  moreover,  are  confined  as  a  rule  to  level  ground, 
and  more  especially  to  swampy  localities,  and  the  length  of  the  haul, 
also,  is  limited  by  the  output.  The  satisfactory  conve}rance  in  sus¬ 
pension  of  heavy  loads  long  distances  is  a  problem  that  remains  to  be 
solved. 
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The  President. — If  any  of  the  members  have  any  remarks  to  make  or  « pi«  - 
tions  to  ask  Mr.  Hewitt,  the  subject  is  open  for  discu— inn.  Mr.  nit,  have  you 
not  had  some  experience  with  aerial  cable  transportation? 

C.  11.  Ott. — Machinery  of  this  description,  for  the  conveying  and  hoisting  of 
materials,  has  been  used  in  this  city,  particularly  for  the  excavation  of  -ewe r 
trenches.  Such  an  apparatus  is  at  present  installed  and  in  use  in  the  eon-trac¬ 
tion  of  a  large  main  sewer  on  Shackamaxon  Street  immediately  east  of  <  iirard 
Avenue.  Several  years  ago,  during  t  lie  construction  of  the  Pennsylvania  \venuo 
Subway  and  Tunnel  system  of  sewers,  a  similar  machine  was  used  for  hoisting 
material  out  of  a  shaft  and  conveying  it  to  asj>oil  bank.  Hoist  -con  vevors  «  f  this 
type  have  been  found  very  effective  for  trenching,  especially  on  long,  straight 
reaches  of  work,  but  it  is  doubtful  whether  they  are  economical  upon  work  which 
has  considerable  and  marked  curved  alinement.  This  type  of  hoist -conveyor  is 
particularly  useful  in  sewer  trenching  where  the  street  is  practically  ojwned  from 
curb  to  curb,  thus  allowing  no  space  for  the  handling  of  the  excavated  materials 
or  the  materials  of  construction  by  the  ordinary  means  of  haulage. 

The  usual  maximum  span  between  anchorage  towers  is  about  500  feet.  This 
allows  sufficient  space  to  move  the  surplus  materials  of  tin*  excavation  toward 
one  of  the  anchorage  terminals  for  disposal  by  cartage,  storage,  or  as  backfilling, 
and  also  allows  convenient  space  for  the  distribution  of  the  materials  of  construc¬ 
tion  to  the  place  where  they  are  required. 

The  President. — Have  any  other  members  anything  to  say  on  the  subject? 
It  seems  to  me  a  subject  that  very  few  have  had  much  experience  in.  I  myself 
have  not  had  any,  except  probably  a  few  hundred  feet  in  the  transportation  of 
coal,  and  that  was  a  very  simple  arrangement  compared  with  this.  It  first  came 
to  my  notice  about  fifteen  years  ago.  It  was  used  rather  in  a  small  way  bv  a  con¬ 
tractor  who  was  constructing  a  sewer  on  York  Street.  I  had  a  few  moments’ 
conversation  with  him  at  one  time  as  to  the  cost  of  tin*  sewer,  and  he  said  he  had 
taken  it  at  a  low  figure.  He  also  made  the  remark  that  if  it  had  not  been  for  this 
system  he  would  never  have  gotten  out  whole  on  his  contract. 

Carl  Hering. — Mr.  Hewitt  said  that  the  question  of  transporting  heavy  londs 
over  long  distances  remains  to  be  solved  yet.  Is  there  not,  perhaps,  some  pros¬ 
pect  of  solving  this  by  means  of  the  electric  telpherage  system,  which  I  believe  i- 
being  introduced  now?  In  this  there  is  no  traction  rope,  but  simply  a  double- 
track  rope;  the  cars  travel  on  these  track  ropes  by  means  of  a  motor  that  i-  on  the 
car  itself,  taking  its  current  from  the  track  ropes. 

Wm.  Hewitt. — There  is  such  a  system,  of  which  Mr.  Richard  I.amb  is  the 
patentee.  A  separate  stationary  rope,  however,  is  used,  which  is  wrapped  -ev- 
eral  times  about  the  oval-faced  rim  of  a  sheave  on  the  motor,  and  the  car  is  thus 
moved  by  pulling  against  this  rope,  and  not  solely  by  the  friction  of  the  wheels 
against  the  track  cables.  The  system,  however,  has  not  been  -ufliciently  devel¬ 
oped  yet  for  me  to  say  just  what  its  capabilities  are. 

Mr.  Hering. — Is  it  in  use  any  when*? 

Wm.  Hewitt. — I  only  know  of  one  line  having  been  built  at  Plymouth,  N.  (’. 
Whether  that  is  in  use  now  I  cannot  say. 
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II.  K.  Myers. — The  Yale  &  Towne  Company,  of  Stamford,  have  that  system 
in  use.  There  are  two  motors  equally  balanced  and  two  overhead  wires.  It 
works  very  nicely.  I  saw  it  a  year  or  more  ago.  It  was  pulling  boxes  up  to  a 
thousand  pounds.  It  was  on  a  small  scale — only  two  2-horse-power  motors. 
There  is  no  reason  why  it  could  not  be  improved  on.  It  is  working  back  and 
forth  very  nicely. 

Charles  Hewitt. — It  seems  to  me  that  these  telpher  lines  must  be  on  com¬ 
paratively  level  ground.  In  long  spans  the  sag  in  the  cable  is  very  great;  I  fail 
to  see  how  a  telpherage  line,  which  necessitates  a  wheel  running  on  the  cable,  can 
overcome  these  steep  grades.  It  is  only  where  cables  can  be  comparatively  taut 
that  they  can  be  used  at  all.  Take  the  rough  mining  region,  where  long  spans  are 
necessary;  such  lines  are  out  of  the  question.  I  have  kept  track  of  these  electric 
lines  from  general  interest  for  some  time.  They  were  used  in  England  a  number 
of  years  ago  and  are  still  being  advocated  here,  and  I  think  the  demand  is  growing, 
but  for  long  lines  and  heavy  loads  the  difficulties  seem  to  be  almost  insuperable; 
It  would  be  better  to  put  a  track  on  the  ground. 

Wm.  Hewitt. — The  United  Telpherage  Company,  of  New  York  city, 
manufacture  an  electric  wire-rope  tramway  in  which  the  motor  carriages,  or  tel¬ 
phers,  as  they  are  called,  travel  simply  by  frictional  traction  along  the  track  cable 
and  by  means  of  an  overhead  copper  wire  through  which  the  electric  current  is 
transmitted,  and  it  is  remarkable  how  steep  a  grade  these  telphers  will  ascend, 
but  the  system  thus  far,  I  believe,  has  only  been  applied  to  the  conveyance  of 
comparatively  light  loads. 

A  Member. — What  is  the  grade? 

Wm.  Hewitt. — I  don’t  know  exactly  what  the  maximum  grade  is  that  these 
telphers  will  ascend,  but  I  think  it  is  somewhere  between  twenty  and  thirty 
degrees. 

Mr.  Hering. — Do  they  depend  upon  adhesion  alone? 

Wm.  Hewitt. — Just  simply  adhesion.  The  loads  are  comparatively  light. 

Charles  Hewitt. — A  trolley  car  will  slip  on  a  fourteen  per  cent,  grade. 

The  President. — What  is  the  greatest  angle  or  grade,  Mr.  Hewitt,  ever  con¬ 
structed  of  wire-rope  tramway? 

Wm.  Hewitt. — About  45  degrees.  With  the  latest  form  of  grip  devised 
by  Mr.  Bleichert,  such  an  inclination  may  be  readily  surmounted,  as  I  have  shown. 
With  the  tramway  car  as  ordinarily  constructed,  while  the  grips  will  hold  on  any 
grade  as  far  as  that  goes,  if  properly  adjusted,  they  are  apt  to  strike  the  cable  on 
steeper  inclinations  than  45  degrees  or  interfere  with  the  supports;  but  it  is 
seldom  that  such  an  inclination  occurs.  Even  though  a  vertical  bluff  may  be 
encountered,  the  line  can  generally  be  laid  out  by  making  a  long  span  at  this 
point  so  that  the  inclination  of  the  cable  will  be  less  than  45  degrees. 

Mr.  Ott. — I  desire  to  ask  Mr.  Hewitt  whether  installations  of  this  character 
of  apparatus  consist  mainly  of  simple  conveyors  or  of  hoist-conveyors. 

Wm.  Hewitt. — Hoist-conveyors;  that  is,  taking  this  question  as  referring  to 
that  class  of  cable  conveyors  in  which  comparatively  heavy  loads  are  handled  on 
single  spans.  It  does  not  require  a  great  deal  of  power  to  move  a  load  horizon¬ 
tally  as  compared  with  moving  it  vertically.  It  is  where  the  load  has  to  be  hoisted 
as  well  as  conveyed  that  the  greatest  economy  is  effected. 
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Mr.  Hering. — What  is  t lie  approximate  cost  of  tin*  liiu*  as  compared  with 
that  of  a  cheap,  light,  surface  trolley  system  for  doing  the  same  work? 

Wm.  Hewitt. — 1  am  hardly  prepared  to  answer  that  question  satisfactorily. 
The  cost  of  a  wire-rope  tramway  varies  considerably,  according  to  tin*  capacity, 
which  may  vary  up  to  KKJ  tons  per  hour.  How  such  a  line  will  compare  in  c«w*t 
with  a  surface  tramway  it  will  be  difficult  to  say,  as  this  will  depend  largely  on  the 
conditions  of  the  problem.  The  greatest  advantage,  however,  in  favor  of  a 
wire-rope  tramway  will  be  found  where  the  ground  is  rugged  in  contour. 

Mr.  Hering. — Where  the  road  is  comparatively  straight  and  not  too  hilly,  1 
suppose  a  trolley  road  would  be  put  down  in  preference  to  the  cable  line? 

Wm.  Hewitt. — In  most  instances  where  the  ground  is  level  a  surface  line  can 
no  doubt  be  built  at  less  cost. 

Mr.  Hering. — In  other  words,  one  might  make  it  a  general  rule  to  put  down 
a  trolley  line  if  one  can;  if  one  can’t,  then  use  the  wire-rope  railway? 

Wm.  Hewitt. — There  are  cases  where  a  wire-rope  tramway  can  be  advanta¬ 
geously  used  on  level  ground,  especially  where  streams  have  to  be  crossed.  In  such 
instances  the  cost  of  such  a  line  will  usually  be  much  less  than  the  cost  of  a  bridge. 

A.  Falkenau. — What  is  the  approximate  size  of  rope  used  for  the  tram-road 
on  fairly  long  stretches  ? 

Wm.  Hewitt. — They  vary  from  three-quarters  up  to  an  inch  and  a  half  in 
diameter.  Loads  of  a  ton  may  be  carried  on  an  inch  and  a  half  cable.  For 
hoist-conveyors  it  varies  from  an  inch  up  to  two  and  three-quarters.  I  have 
some  samples  here.  There  is  a  sample  of  a  two-inch  cable,  the  size  of  the  cable 
in  the  hoist-conveyor  used  in  the  construction  of  the  Holyoke  Dam.  There  are 
also  samples  here  of  tramway  track  cables. 

Mr.  Falkenau. — You  mention  that  you  have  gone  pretty  thoroughly  into 
the  question  of  stress.  I  had  some  experience  in  putting  in  single  stretches  tit- 
teen  hundred  feet  long,  and  I  remember  the  question  of  the  catenary  curve  came 
in  very  seriously  in  considering  the  diameter  of  the  rope.  If  you  tighten  the  rope 
up  too  much  you  get  a  tremendous  strain  and  necessarily  large  diameter.  W  hat 
are  your  general  results  as  regards  the  catenary?  How  great  a  deflection  do  you 
allow  from  support  to  support  ? 

Wm.  Hewitt. — The  deflection  of  the  cable,  of  course,  is  a  very  important 
matter,  as  this  must  be  nicely  determined  for  a  given  load  and  span.  This  is  a 
simple  matter  of  calculation.  The  greater  the  deflection,  the  heavier  the  load 
that  may  be  carried;  and  conversely,  the  great er  the  initial  tension  in  the  cable 
and  the  less  the  deflection,  the  less  the  load  that  can  be  safely  carried.  I'sually 
these  deflections  are  figured  so  that  the  stress  in  the  cable  when  the  load  i>  in  the 
center  of  the  span,  as  figured  by  the  formula,  will  be  about  one-fourth  the  ultimate 
stress.  This  has  been  found  to  give  good  results. 
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Although  depreciation,  when  considered  at  all,  is  most  often  ap¬ 
proached  from  the  accounting  or  office  end  of  a  business,  it  is  upon 
the  engineering  department  that  its  study  must  devolve. 

Depreciation  enters  very  largely  into  engineering  questions,  and  is 
indeed  one  of  the  most  important  points  in  estimating  structural  values 
of  buildings  and  plants  of  tvhatsoever  nature. 

A  distinguished  scientist,  AA'hose  name  I  do  not  at  present  recall,  has 
said :  “  All  generalization  is  false,  and  probably  none  more  so  than  this 
statement  ” ;  and  it  is  the  writer’s  opinion  that  any  general  statement 
regarding  rates  or  amounts  of  depreciation  is  apt  to  be  misleading  if 
not  actually  false,  and  that  each  case,  as  it  comes  up,  will  need  its  OAvn 
special  treatment,  in  which  existing  circumstances  will  always  govern. 

It  is  the  object  of  this  paper  to  set  forth  some  of  the  usual  methods 
of  treating  depreciation,  and  some  that  are  less  commonly  considered, 
but  no  pretense  is  made  of  covering  the  entire  subject. 

Nearly  all  engineered  structures  (and  by  this  term  is  meant  anything 
designed  and  built  by  man)  are  subject  to  depreciation,  by  which  Ave 
mean  the  deterioration  in  worth  or  value  of  a  structure  due  to  any  one 
or  all  of  the  following  reasons : 

(а)  Wear,  due  to  use. 

(б)  Progress  in  the  art  for  which  the  structure  is  designed. 

(c)  Depreciation  of  the  value  of  the  location,  or  change  of  environ¬ 
ment. 

(d)  Special  reasons. 

The  writer  has  confined  these  notes  to  depreciation  as  affecting 
structures,  not  taking  into  consideration  depreciation  as  affecting  con¬ 
cessions,  franchises,  leases,  patents,  etc.,  having  definitely  limited 
terms  of  life.  Such  concessions,  hoAvever,  when  paid  for  or  valued  at  a 
set  price  for  the  term,  should  be  charged  periodically  with  depreciation 
in  proportion  to  the  length  of  term  for  which  they  have  been  granted, 
so  that  their  entire  cost  or  value  to  the  grantee  shall  be  entirely  written 
off  at  the  end  of  the  term. 
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Depreciation  should  Ik*  treated  as  entirely  distinct  from  repairs  nr 
cast  of  maintenance,  and  should  be  based  upon  the  actual  life  nr  term 
of  usefulness  of  a  structure*  For  instance,  a  street  car  nr  other  vehicle 
may  be  kept  in  good  repair  for  a  number  of  years,  and  yet  there  comes 
a  time  when  it  is  difficult  to  make  screws  and  bolts  hold  their  places 
and  when  the  annual  cost  of  repairs  will  amount  to  more  than  the 
interest  on  the  cost  of  a  new  vehicle.  The  old  vehicle  should  then  be 
disposed  of  for  what  it  will  bring,  and  the  balance  of  its  first  cost  should 
be  written  off  the  books. 

Again,  it  would  be  a  stretch  of  the  imagination  to  say  that  the  de¬ 
preciation  of  a  railroad  embankment  of  earth  and  stone  exceeded  the 
cost  of  the  regular  repairs.  On  the  other  hand,  a  reservoir  embank¬ 
ment  may  become  water-soaked,  and  thus  materially  depreciate. 

Well-constructed  buildings  are  subject  to  little  actual  physical  depre¬ 
ciation  due  to  deterioration  other  than  that  which  can  lx*  made  good  by 
repairs;  but,  on  the  other  hand,  there  may  be  an  important  reduction 
in  their  value,  due  to  decrease  in  the  eligibility  of  their  locations  and  in 
their  efficiency  as  compared  with  that  of  more  modern  plants.  From 
this  point  of  view  there  are  probably  but  few  buildings  in  the  United 
States  which  have  a  life  of  over  fifty  years,  although,  if  not  disturbed 
and  if  kept  in  proper  repair,  it  would  be  difficult  to  say  just  what 
would  be  the  life  of  a  well-constructed  brick  or  stone  building.  State¬ 
ments  of  the  average  life  of  buildings  are  useful  in  guiding  one  s  judg¬ 
ment,  but  each  case  must  of  necessitv  be  considered  bv  itself,  as  local 
conditions  will  govern  to  a  very  great  extent. 

Machinery  is  liable  to  a  depreciation  which  depends  largely  upon 
progress  in  the  art,  which  may  be  such  as  to  shorten  the  terms  of  us**- 
fulness  of  all  the  machinery  of  a  class  or  type;  whereas  the  actual  phy¬ 
sical  deterioration  will  depend  upon  the  amount  and  kind  of  work 
demanded  of  the  machinery  and  upon  the  care  bestowed  upon  it. 

There  is  one  form  of  depreciation  (or  rather  deterioration)  which 
differs  from  the  ordinary,  in  that  the  entire  so-called  depreciation  i> 
actually  covered  by  repairs,  as  in  the  case  of  the  poles  of  an  electrical 
transmission  line.  Should  it  at  any  time  be  required  to  determine 
the  actual  value  of  a  line  of  poles,  it  would  be  necessary  to  make  some 
estimate  of  the  value  of  the  remaining  usefulness  of  the  polos;  on  the 
other  hand,  in  treating  this  line  in  the  annual  accounting,  it  is  perfectly 
fair  to  say  that  repairs  cover  the  depreciation,  for  the  reason  that  a  full 
new  pole  is  substituted  for  an  old  one  in  making  repairs  to  this  line. 
Otherwise  it  is  a  replacing  and  not  a  patching  job,  and  the  depreciation 
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becomes  more  properly  a  part  of  the  book-keeping,  some  accountants 
preferring  to  charge  all  to  maintenance  and  pay  no  attention  to  so- 
called  depreciation,  while  others,  as  in  the  case  above  described,  would 
charge  everything  to  plant,  and  deduct  annually,  as  depreciation,  an 
amount  which  would  have  to  be  arbitrarily  determined. 

Similar  reasoning  applies  also  to  large  stables  of  horses,  connected 
with  factories  or  alone,  for  the  reason  that,  while  each  horse  actually 
depreciates  in  value  with  increasing  age,  yet  he  is  entirely  replaced  (and 
not  repaired)  to  make  him  as  useful  as  new.  Hence,  after  the  first  horse 
gives  out  and  is  replaced,  the  renewal  of  the  whole  stable  becomes  pro¬ 
gressive  and  continuous,  and  it  is  perhaps  as  well  to  charge  renewals 
directly  to  expense,  thus  keeping  up  the  book  value  of  the  stable,  but 
not  in  any  way  increasing  it. 

As  there  is  no  way  to  determine  exactly  the  real  actual  deterioration 
in  value,  all  predetermination  of  depreciation  must  of  necessity  be  arbi¬ 
trary,  and  the  value  of  such  determination  will  depend  rather  upon 
the  experience  and  judgment  of  the  person  making  than  upon  the 
svstem  or  svstems  followed. 

V  v 

Again,  in  the  case  of  stock  companies,  many  stockholders  protest 
against  the  practice  of  charging  income  for  doubtful  depreciation,  on 
the  ground  that  all  necessary  renewals  are  made  and  that  therefore  no 
real  depreciation  occurs,  and  on  the  additional  ground  that,  while  an 
uncertain  amount  of  depreciation  does  take  place,  they  prefer  to  re¬ 
ceive  the  full  returns  and  use  them  for  other  purposes  in  the  way  of 
investment  for  additional  income  (taking  chances  on  having  to  make 
up  the  actual  depreciation  when  necessary  for  the  maintenance  of  the 
efficiency  of  the  plant  or  structure)  rather  than  diminish  their  own 
profits  in  favor  of  some  future  stockholder.  It  will  be  seen  that,  in 
this  case,  the  term  “  depreciation  ”  is  somewhat  misleading. 

The  question  is  really  one  of  insurance  of  the  integrity  of  the  plant 
and  thereby  of  the  capital  of  the  company.  In  case  of  fire  losses,  out¬ 
side  companies  are  paid  to  maintain  the  integrity  of  the  plant;  but 
there  are  no  companies  formed  to  maintain  the  value  of  a  plant  in  the 
sense  in  which  it  is  reduced  by  depreciation;  and  probably  for  the 
simple  reason  that,  while  we  can  readily  estimate  the  loss  from  wear 
and  tear,  the  deterioration  from  changes  in  the  art  and  other  undeter¬ 
minable  causes  can  not  be  fairly  estimated. 

But,  as  in  the  case  of  fire  insurance,  the  probability  can  be  approxi¬ 
mately  determined,  and  a  fund  should  be  laid  aside  annually  to  cover 
this  probable  loss,  just  as  a  sum  is  similarly  laid  aside  to  cover  probable 
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loss  bv  fire.  Such  a  charge,  though  called  depreciation,  is  really 
insurance;  and,  in  exceptional  cases,  the  losses  are  just  as  sudden  and 
complete  as  is  loss  by  fire.  Many  who  now  object  to  charging  off  “de¬ 
preciation,”  would  look  at  it  in  a  different  light  as  plant  insurance.  I 
quote  from  J.  Slater  Lewis: 

“There  can  be  only  two  sound  ways  of  dealing  with  tin*  depreciation 
of  the  plant  and  building  of  mechanical  engineering  establishments, 
viz.:  (1)  that  of  making  adequate  provisions  for  the  wear  and  tear  of 
machinery  and  buildings  by  setting  aside,  out  of  revenue,  a  sum  of 
money  equal  to  the  net  depreciation,  or  (2)  that  of  spending  such 
money  on  plant  renewals  and  repairs  each  year.  If  there  are  no  pro¬ 
fits  out  of  which  such  provision  may  be  made,  or  such  repairs  and  re¬ 
newals  effected,  then  capital  account  will  show  a  loss  equal  to  the 
amount  of  depreciation.  It  therefore  follows  that  no  dividend  can  be 
paid,  and,  probably,  no  interest  on  bonds,  until  such  sum  has  been  set 
aside.  Nor  does  this  apply  only  to  the  current  year,  since  it  appears 
that  no  dividends  can  be  legally  paid  in  subsequent  years,  until  capital 
previously  reduced  by  depreciation  has  been  made  good  out  of 
earnings. 

“  Although  some  firms  keep  their  plants  in  first-class  order,  and  effect 
such  repairs  from  time  to  time  as  maintain  it  in  good  working  condi¬ 
tion,  still  it  cannot  be  denied  that  all  machinery  is  constantly  being 
superseded  by  something  more  efficient,  and  it  is  only  a  question  of 
time  when  it  would  be  more  economical  to  put  some  of  it  on  the  scrap- 
heap,  and  in  fact  necessary  to  the  very  existence  of  the  firm  to  do  so. 
To  only  repair  plant  to  make  good  depreciation  cannot,  therefore,  be 
wise  or  sufficient.  And  yet,  to  buy  new  plant  regularly,  or  even  at 
all  in  the  early  stages  of  a  new  concern,  would,  in  order  to  comply  with 
the  requirements  of  depreciation,  lx*  absurd. 

“The  soundest  way  to  deal  with  depreciation  is  to  keep  all  plant  in 
thorough  repair,  and,  in  addition,  to  set  aside,  out  of  revenue,  a  sum  of 
money  which,  in  a  given  number  of  years,  will  purchase  an  entirely 
new  series  of  machines.  Any  old  machine  that  may  be  sold  or  scrapped 
in  the  meantime  should  be  replaced  out  of  the  fund,  and  any 
new  machine  which  is  a  virtual  addition  to  plant  charged  to  capital 
account.  The  cost  of  a  new  machine  to  replace  an  old  one  should  be 
reduced  by  the  value  of  the  scrap,  or  by  the  sum  for  which  it  may  have 
been  sold.” 

Taking  up  the  forms  of  depreciation,  as  (‘numerated,  deterioration 
from  use  or  wear  and  tear  is  the  most  common  form  considered,  and  is 
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ordinarily  allowed  for  by  the  crude  method  of  charging  against  earn¬ 
ings  a  stated  percentage  of  the  book  value  existing  at  the  end  of  the 
term  for  which  the  accounts  are  closed.  This  is  generally,  though  not 
always,  at  a  fixed  rate;  but  in  some  cases  the  rate  varies  with  the  pros¬ 
perity  of  the  concern,  being  a  large  rate  or  heavy  charge  for  prosperous 
years,  and  a  smaller  charge  for  “off”  seasons.  Such  variations  are 
often  made  for  the  purpose  of  equalizing  the  annual  exhibits  of  profits 
to  the  public,  as  well  as  for  the  purpose  of  reducing  plant  value.  Even 
with  so  simple  a  method  there  may  be  many  variations.  In  some 
cases  the  depreciation  is  determined  by  taking  a  percentage  of  the  full 
book  value  existing  at  the  end  of  the  period,  all  additions  to  the  plant 
being  charged  as  purchased  and  at  their  full  value.  Another  method 
is  to  charge  new  plant  directly  to  a  separate  temporary  or  annual  prop¬ 
erty  account  when  bought,  and  then  charge  off  a  percentage  of  the  bal¬ 
ance  of  the  old  property  account  as  it  stands  at  the  end  of  the  period, 
closing  the  separate  account  into  the  original  property  account  balance 
for  next  period.  Still  another  method  is  to  charge  all  additions  and 
betterments  to  expense,  and,  in  addition,  charge  off  the  rated  deprecia¬ 
tion  at  the  end  of  the  year  or  closing  period.  This  method  will  in  time 
wipe  out  the  plant  account  entirely,  although,  if  a  fixed  rate  per  cent, 
be  used,  it  would  take  an  infinitely  long  period,  as  will  be  shown  by  in¬ 
spection  of  the  following  tables  taken  from  pages  62-64  of  Matheson’s 
“Depreciation  of  Factories.” 

If  the  depreciation  is  written  off  in  proportional  parts  of  the  full 
book  value,  instead  of  at  a  fixed  rate,  then,  of  course,  the  total  value 
is  wiped  out  in  a  predetermined  number  of  years  or  periods.  In  some 
cases  a  fixed  portion  of  annual  profits  is  charged  off  as  depreciation, 
but  this  is  obviously  wrong,  as  depreciation  goes  on  whether  there 
are  profits  or  not.  All  these  methods  are  in  common  use,  and  their 
results  depend  largely  upon  circumstances  and  the  judgment  exer¬ 
cised  in  their  application 

When  business  is  growing  fast,  plants  are  rapidly  extended,  and, 
in  spite  of  any  sort  of  charge  for  depreciation,  the  value  increases; 
but  the  charge  for  deterioration  should  nevertheless  be  made  at  the 
close  of  the  period. 

In  these  days  of  quick  work,  “industrial  invasions,”  etc.,  great 
improvements  in  methods  of  manufacture  or  operation  come  so  fast 
that  plant  of  any  kind,  building  or  machinery,  is  almost  invariably 
discarded  long  before  it  has  reached  its  limit  of  usefulness.  Espe¬ 
cially  is  this  so  in  the  United  States,  as  was  typified  when  one  of  our 
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TABLE  I. 

The  Effects  of  Depreciation  at  Different  Rates  for  Terms  of  Years. 


l 

i  M 

2 

2^ 

3 

4 

■— 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

1.000,000 

1.000,000 

1.000,000 

1.000,000 

1.000,000 

1.000,000 

1.000,000 

1 

0.990,000 

0.987,500 

0.985,000 

0.980,000 

0.975,000 

0.970,000 

10.960,000 

2 

.980,100 

.975,156 

.970,225 

.960,400 

.950,625 

.940,900 

.921,600 

3 

.970,299 

.962,967 

.955,671 

.941,192 

.926,859 

.912,673 

.884,736 

4 

.960,596 

.950,930 

.941,336 

.922,368 

.903,688 

.885,292 

.849,346 

5 

.950,990 

.939,043 

.927,216 

.903,921 

.881,099 

.858,734 

.815,372 

6 

.941,480 

.927,305 

.913,308 

.885,843 

.859,068 

.832,972 

.782,757 

7 

.932,066 

.915,714 

.899,608 

.868,126 

.837,591 

.807,982 

.751,477 

8 

.922,745 

.904,267 

.886,114 

.850,763 

.816,652 

.783,743 

.721,389 

9 

.913,517 

.892,964 

.872,822 

.833,748 

.796,235 

.760,231 

.692,534 

10 

.904,382 

.881,802 

.859,730 

.817,073 

.776,329 

.737,424 

.664,832 

11 

.895,338 

.870,779 

.846,834 

.800,732 

.756,921 

.715,301 

.638,239 

12 

.886,385 

.859,895 

.834,131 

.784,717 

.737,998 

.693,842 

.612,709 

13 

.877,522 

.849,146 

.821,619 

.769,023 

.719,548 

.673,026 

.588,201 

14 

.868,746 

.838,532 

.809,295 

.753,643 

.701,559 

.652,836 

.564,673 

15 

.860,059 

.828,050 

.797,155 

.738,570 

.684,020 

.633,250 

.542,086 

16 

.851,458 

.817,699 

.785,198 

.723,798 

.666,920 

.614,253 

.520,402 

17 

.842,943 

.807,478 

.773,420 

.709,323 

.650,247 

.595,825 

.499,586 

18 

.834,514 

.797,385 

.761,819 

.695,136 

.633,991 

.577,950 

.479,603 

19 

.826,169 

.787,417 

.750,391 

.681,233 

.618,141 

.560,612 

.460,419 

20 

.817,907 

.777,574 

.739,135 

.667,609 

.602,572 

.543,794 

.442,002 

21 

.809,728 

.767,855 

.728,048 

.654,257 

.587,620 

.527,300 

,424,322 

22 

.801,631 

.758,257 

.717,128 

.641,171 

.572,930 

.511,655 

.407,349 

23 

.793,615 

.748,778 

.706,371 

.628,348 

.558,606 

.496,306 

.391,055 

24 

.785,678 

.739,419 

.695,775 

.615,781 

.544,641 

.481,416 

.375,413 

25 

.777,822 

.730,176 

.685,338 

.603,466 

.531,025 

.466,974 

.360,396 

26 

.770,043 

.721,049 

.675,058 

.591,396 

.517,749 

.452,965 

.345,980 

27 

.762,343 

.712,036 

.664,932 

.579,568 

.504,806 

.439,376 

.332,141 

28 

.754,720 

.703,135 

.654,958 

.567,977 

.492,185 

.426,194 

.318,855 

29 

.747,172 

.694,346 

.645,134 

.556,618 

.479,881 

.413,408 

.306,101 

30 

.739,701 

.685,667 

.635,457 

.545,485 

.467,884 

.401,006 

.293,857 

40 

.668,972 

.604,622 

.546,321 

.445,701 

.363,232 

.295,711 

.195,366 

50 

.605,006 

.533,157 

.469,689 

.364,171 

.281,988 

.218,065 

.120,885 

60 

.547,157 

.470,139 

.403,805 

.297,554 

.218,915 

.160,806 

.086,352 

70 

.494,839 

.414,569 

.347,163 

.243,124 

.169,950 

.118,582 

.057,410 

80 

.447,524 

.365,568 

.298,467 

.198,650 

.131,937 

.087,445 

.038,168 

90 

.404,732 

.322,358 

.256,601 

.162,311 

.102,427 

.064,484 

’  | 

.025,375 

100 

.366,033 

.284,256 

.220,607 

.132,620 

.079,517 

.047,552 

.016,870 
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tc 

s 

< 

H 

Sh 

5 

Per  Cent. 

6 

Pkr  Cent. 

7S 

Pkr  Cent. 

10 

Per  Cent. 

tots 

i . 

Per  Cent. 

15 

Per  Cent. 

20 

Per  <  ,'k.it. 

1.000,000 

1.000,000 

1 .000,000 

1 .000,000 

1 .000,000 

1 .000, (MM) 

1(MM),(MM) 

1 

0.950,000 

0.940,000 

0.925,000 

0.900,000 

0.875,000 

0.850, (MM) 

l)  KIM), (MM) 

2 

902,500 

.883,600 

855,626 

.810,000 

.765,625 

.722. 5(M) 

640, (MM) 

3 

,8o i  ,3<  •) 

.830,584 

.791,453 

.729,000 

.669.922 

.614,125 

.51 2,  (M  M) 

4 

.814,506 

.780,749 

.732,094 

.656,100 

.586,182 

.522, (MM) 

109, (MM) 

5 

.773,781 

.733,904 

.677,187 

.590,490 

.512,909 

.443,705 

.327,680 

6 

.735,092 

.689,870 

.626,398 

.531,441 

.448,796 

.377,149 

.262,144 

7 

.698,337 

.648,478 

.579,418 

.478,297 

.392,696 

.320,577 

.209,715 

8 

.663,420 

.609,569 

.535,962 

.430,467 

.343,609 

.272,490 

. 167 ,772 

9 

.630,249 

.572,995 

.495,764 

.387,420 

.300,658 

.231,617 

.134,218 

10 

.598,737 

.538,616 

.458,582 

.348,678 

.263,076 

.196,874 

.107,372 

11 

.568,800 

.506,299 

.424,188 

.313,811 

.230,191 

.167,343 

.085,899 

12 

.540,360 

.475,921 

.392,374 

.282,429 

.201,418 

.142,232 

.068,720 

13 

.513,342 

.447,366 

.362,946 

.254,186 

.176,240 

.120,905 

.054,976 

14 

.487,675 

.420,524 

.335,725 

.228,768 

.154,210 

.102,770 

.043,981 

15 

.463,291 

.395,292 

.310,546 

.205,891 

.134,934 

.087,354 

.035,184 

16 

.440,127 

.371,575 

.287,255 

.185,302 

.118,067 

.074,251 

.028, 1 48 

17 

.418,200 

.349,281 

.265,71 1 

.166,772 

.103,309 

.063,113 

.022,518 

18 

.397,214 

.328,324 

.245,782 

.150,095 

.090,395 

.053,646 

.018,01 1 

19 

.3/ 1 ,354 

.308,624 

.227,349 

.135,085 

.079,096 

.045,599 

.01 1,412 

20 

.358,486 

.290,107 

.210,297 

.121,577 

.069,209 

.038,760 

.011,529 

21 

.340,562 

.272,701 

.194,525 

.109,419 

.060,558 

.032,946 

.009,223 

22 

.323,533 

.256,358 

.179,936 

.098,477 

.052,988 

.028,004 

.007,379 

23 

.307,357 

.240,958 

.166,441 

.088,629 

.046,365 

.023,803 

.005,903 

24 

.291,989 

.226,501 

.153,957 

.079,766 

.040,569 

.020,233 

.004,722 

25 

.277,390 

.212,911 

.142,411 

.071,790 

.035,498 

.017,198 

.003,778 

26 

.263,520 

.200,136 

.131,730 

.064,611 

.031,061 

.014,618 

.003,022 

27 

.250,344 

.188,128 

.121,850 

.058,150 

.027,178 

.012,425 

.002,418 

28 

.237,827 

.176,840 

.112,71 1 

.052,335 

.023,781 

.010,562 

.001.1)34 

29 

.225,935 

.166,230 

.104,258 

.047,101 

.020,808 

.008,977 

.( M )  1 ,547 

30 

.214,639 

.156,256  • 

.096,439 

.042,391 

.018,207 

.007,631 

.001,238 

40 

.128,512 

.084,162 

.044,225 

.014,781 

.004,790 

.001,502 

.(MM),  1 13 

50 

.076,945 

.045,331 

.020,281 

.005,154 

.001,260 

.000,296 

.(MM), 014 

60 

.046,070 

.024,416 

.009,300 

*.001,797 

.000,332 

.000,058 

,(MM),(M)2 

70 

.027,584 

.013,151 

.004,265 

.000,627 

.000,087 

.000,011 

•  • 

80 

.016,515 

.007,083 

.001,956 

.000,218 

.000,023 

.(MM), 002 

•  • 

90 

.009,8S8 

.003,815 

.000,897 

.000,076 

.000,006 

•  • 

•  • 

100 

.005,921 

.002,055 

.000,411 

.00,0027 

.000,002 

•  • 
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distinguished  railroad  presidents  told  a  visiting  delegation  of  British 
railway  managers  that  the  chief  rule  of  success  of  the  American  rail¬ 
road  managers  was  to  have  no  fear  of  a  “scrap-heap.”  Therefore, 
reduction  in  value,  due  to  progress  in  the  art,  accounts  for  a  very 
large  amount  of  depreciation  of  plant  value  as  business  is  now  con¬ 
ducted.  Naturally,  such  deterioration  cannot  be  predetermined,  and 
some  regular  method  of  periodical  charge  must  be  used  until  such  time 
as  the  particular  object,  machine,  or  appliance  is  thrown  out  and 
replaced  by  one  of  improved  type,  when  the  balance  of  the  full  original 
cost  should  be  written  off  from  plant  and  charged  directly  to  profit 
and  loss. 


The  charge  may  be  made  either  against  profit  and  loss  or  against 
earnings  for  the  period,  as  may  be  decided;  but  the  writer  prefers  to 
charge  such  extraordinary  depreciation  against  profit  and  loss,  and 
not  to  take  it  out  of  the  earnings  of  the  period,  as  this  would  in  many 
cases  be  unfair. 

When  there  is  a  marked  and  steady  advance  in  methods  and  ap¬ 
pliances,  it  is  sometimes  convenient  to  fix  a  rate  based  both  upon 
wear  and  tear  and  upon  the  probabilities  of  early  displacement  by  an 
improvement.  This  is  perhaps  more  practicable  in  electrical  appliances 
than  in  any  others,  as  the  advance  and  improvement  have  been  very 
rapid,  quite  marked  and  steady,  and  the  writer  has  in  some  cases  set 
rates  of  depreciation  as  an  average  between  the  estimates  of  length 
of  life — say  ten  years — and  the  time  in  which  the  appliance  is  apt 
to  become  obsolete, — say  five  years, — the  average  result  thus  being 
a  life  of  seven  and  a  half  years.  This,  of  course,  is  very  arbitrary, 
and  can  be  justified  only  by  a  desire  to  be  on  the  safe  side  and  to 
be  very  conservative  as  to  results.  The  writer  prefers  the  method 
first  outlined  for  such  cases — namely,  to  charge  off  at  a  regular  rate 
until  discarded,  and  then  charge  the  balance  directly  to  profit  and 
loss. 

The  value  of  a  manufacturing  plant  may  be  very  materially  affected 
by  change  in  its  environment,  and  must  then  be  subjected  to  an 
additional  depreciation  based  upon  the  calculated  effect  that  such 
change  in  environment  may  have.  For  instance,  a  railroad,  located 
adjacent  to  a  manufacturing  establishment,  may  be  relocated  else¬ 
where,  making  shipments  difficult  or  cartage  costly,  in  which  case  the 
cost  of  goods  is  increased,  or  profits  reduced  to  the  amount  of  such 
cost.  The  value  of  the  plant  as  a  manufacturing  concern  would  then 
be  materially  reduced  and  a  corresponding  allowance  should  be  made 
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for  depreciation.  Manufacturing  plants,  situated  along  tluN  hanks 
of  canals  now  no  longer  used,  depreciate  greatly,  and  are  often  aban¬ 
doned  entirely  and  must  then  be  wholly  written  off.  It  is,  of  course, 
impossible  to  enumerate  such  causes  of  depreciation. 

All  methods  used  for  writing  off  depreciation,  where  the  rate  is 
simply  taken  as  a  percentage  of  the  book  value,  as  described  in  the 
preceding  text,  have  always  seemed  to  the  writer  to  be  very  crude, 
although  often  unavoidable.  In  fact,  comparatively  few  of  our  in¬ 
dustrial  or  railroad  undertakings  take  any  account  of  depreciation, 
and,  even  if  the  management  can  l>e  persuaded  to  consider  the  sub¬ 
ject,  refinements  of  methods  are  seldom  discussed. 

Wherever  discussion  has  taken  place,  it  has  been  rather  upon  rates 
than  upon  methods,  and  the  writer  prefers,  therefore,  to  call  attention 
to  some  methods  unused  to  any  great  extent  in  this  country,  and  to 
leave  the  question  of  rates  to  be  decided  for  each  case  by  the  party 
in  charge  at  the  time. 

A  method  that  has  always  seemed  to  the  writer  to  possess  certain 
advantages,  but  which  seems  to  be  little  known  in  this  country,  is 
called  “amortization,”  or,  literally,  the  “killing”  off  of  a  part  of  the 
plant  value  each  year.  In  this  method,  as  ordinarily  applied,  a  term 
of  life  is  arbitrarily  set  on  each  machine,  appliance,  building,  or  other 
piece  or  class  of  property  which  it  is  wished  to  amortize,  when  such 
article  is  put  into  service.  Thus,  at  the  end  of  each  year,  an  amount 
of  money  is  set  aside  out  of  earnings,  and  deposited  at  compound 
interest  as  a  renewal  fund  to  meet  the  cost  of  replacing  the  machine 
or  other  appliance  at  the  end  of  the  predetermined  term  of  life.  For 
example,  assume  that  a  certain  machine  installed  and  ready  for  oj>era- 
tion  has  cost  $1000,  and  that  experience  has  shown  that,  with  ordinary 
fair  treatment,  such  a  machine  will  have  a  useful  life  of  twenty 
years,  after  which  it  should  be  replaced;  and  assume  also  that  sink¬ 
ing  funds  can  be  invested  and  reinvested  annually  at  3$  per  cent. 
Then,  reference  to  the  following  table  II  shows  that  an  annual  de¬ 
posit  of  $35.40  will,  in  twenty  years,  amount  to  the  original  cost  of 
$1000,  and  that  sum  will  be  available  to  renew  or  replace  the  original 
machine. 

If  further  refinement  is  desired,  an  assumed  scrap  value  may  In* 
deducted  from  the  original  first  cost,  thus  lessening,  to  a  limited 
extent,  the  annual  deposit. 
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TABLE  II. 

Sinking  Fund. — Annual  Investment  to  Produce  SI  in  a  Term  of  Years 


Years. 

VA 

Per  Cent. 

3 

Per  Cent. 

3  y* 

Per  Cent. 

4 

Per  Cent. 

4  K 

Per  Cent. 

5 

Per  Cent. 

6 

Per  Cent. 

1 

1 . 0000 

1 . 0000 

1.0000 

1.0000 

1.0000 

1.0000 

1 . 0000 

2 

0.4938 

0.4926 

0.4914 

0.4902 

0.4890 

0.4878 

0.4854 

3 

.3251 

.3225 

.3219 

.  3203 

.3188 

.3172 

.3141 

4 

.2408 

.  2390 

.2373 

.  2355 

.  2337 

.  2320 

.2286 

5 

.1902 

.1884 

.1865 

.1846 

.1828 

.1810 

.1774 

6 

.  1565 

.1546 

.1527 

.  1508 

.1489 

.1470 

.  1434 

7 

.1325 

.1305 

.  1285 

.1266 

.1247 

.1228 

.1191 

8 

.1145 

.1125 

.1105 

.  1085 

.1066 

.1047 

.1010 

9 

.1005 

.0984 

.0964 

.0945 

.0926 

.0907 

.0870 

10 

.0893 

.0872 

.0852 

.0833 

.0814 

.0795 

.  07 59 

11 

.0801 

.0781 

.0761 

.0742 

.0723 

.0704 

.0668 

12 

.0725 

.0705 

.  0685 

.0666 

.0647 

.0628 

.  0593 

13 

.0660 

.0640 

.0621 

.0601 

.  0583 

.  0565 

.0530 

14 

.0605 

.0585 

.0566 

.0547 

.0528 

.0510 

.0476 

15 

.0558 

.0538 

.0518 

.0492 

.0481 

.0463 

.  0430 

16 

.  0516 

.0496 

.0477 

.0458 

.0440 

.  0423 

.0390 

17 

.0479 

.0460 

.0440 

.0422 

.0404 

.0387 

.  0354 

18 

.0447 

.0427 

.0408 

.0390 

.0372 

.  0355 

.0324 

19 

.0418 

.0398 

.  0379 

.0361 

.  0344 

.0327 

.0296 

20 

.0391 

.0372 

.  0354 

.0336 

.0319 

.0302 

.0272 

21 

.  0368 

.  0349 

.0330 

.0313 

.0296 

.0280 

.0250 

22 

.  0346 

.0327 

.0309 

.0292 

.  0275 

.0260 

.0230 

23 

.0327 

.  0308 

.0290 

.0273 

.0257 

.0241 

.0213 

24 

.0309 

.0290 

.  0273 

.0256 

.0240 

.0225 

.0197 

25 

.0293 

.0274 

.  0257 

.0240 

.0224 

.0210 

.0182 

26 

.0278 

.0259 

.0242 

.0226 

.0210 

.0196 

.0169 

27 

.0264 

.0246 

.0229 

.0212 

.0197 

.0183 

.0157 

28 

.0251 

.  0233 

.0216 

.0200 

.0185 

.0171 

.0146 

29 

.0239 

.0221 

.0204 

.0189 

.0174 

.0160 

.0136 

30 

.0228 

.0210 

.0194 

.0178 

.0164 

.0151 

.0126 

31 

.0217 

.0200 

.0184 

.0169 

.0154 

.0141 

.0118 

32 

.0208 

.0190 

.0174 

.0160 

.0146 

.0133 

.0110 

33 

.0199 

.0182 

.0166 

.0151 

.0137 

.0125 

.0103 

34 

.0190 

.0173 

.0158 

.0143 

.0130 

.0118 

.0096 

35 

.0182 

.0165 

.0150 

.0136 

.0123 

.0111 

.0090 

36 

.0175 

.0158 

.0143 

.0129 

.0116 

.0104 

.0084 

37 

.0167 

.0151 

.0136 

.0122 

.0110 

.0098 

.0079 

38 

.0161 

.0145 

.0130 

.0116 

.0104 

.  0093 

.0074 

39 

.0154 

.0138 

.0124 

.0111 

.0099 

.0088 

.0069 

40 

.0148 

.0133 

.0118 

.0105 

.0093 

.0083 

.0065 

41 

.  0143 

.0127 

.0113 

.0100 

.0089 

.0078 

.0061 

42 

.0137 

.0122 

.0108 

.0095 

.  0084 

.0074 

.  0057 

43 

.0132 

.0117 

.0103 

.0091 

.0080 

.0070 

.0053 

44 

.0127 

.0112 

.0099 

.0087 

.0076 

.0066 

.0050 

45 

.0123 

.0108 

.  0095 

.0083 

.0072 

.0063 

.0047 
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TABLE  II.— (Continued.) 


00 

*< 

X 

Vi 

l’KK  CKNT. 

3 

Pkk  Cknt. 

3  % 

Pkk  Cknt. 

4 

Pkk  Cknt. 

Pkk  Cknt. 

5 

Pkk  Cknt. 

46 

.0118 

.0104 

.0091 

.0079 

.0068 

.0059 

.01 1  » 

OKK) 

.  0087 

.0075 

.0065 

.0056 

48 

.0110 

.  0096 

.0083 

.  0072 

.0062 

0053 

49 

.0106 

0092 

.0080 

.0069 

.  0059 

.  0050 

50 

.0103 

.  0089 

.  0076 

.0066 

.  00.56 

.0048 

51 

.0100 

.  0085 

.  0073 

.0063 

.  0053 

(MM5 

52 

.  0096 

.  0082 

.0070 

.0060 

.0051 

(MM3 

53 

.  0093 

.  0079 

.  0067 

.0057 

.  0048 

(MM1 

54 

.  0089 

.  0076 

.0065 

.  0055 

0046 

.  0039 

55 

.  0087 

.  0073 

.  0062 

.  0052 

.0044 

.  (M)37 

56 

.  0084 

.0071 

.  0060 

.  0050 

(MM2 

.  0035 

57 

.0081 

.  0068 

.  0057 

.  0048 

.0040 

.0033 

58 

.0078 

.  0066 

.  0055 

.0046 

.  0038 

.0031 

59 

.  0076 

.  0064 

.  0053 

.0044 

.  0036 

.0030 

60 

.0074 

.0061 

.0051 

.0042 

.  0035 

.  (M)28 

61 

.0071 

.  0059 

.0049 

.  0040 

.0033 

.  (M)27 

62 

.0069 

.  0057 

.0047 

.0039 

.0031 

.0026 

63 

.0067 

.  0055 

.  0045 

.  0037 

.  0030 

(M)24 

64 

.  0065 

.0053 

.0044 

.0035 

.0029 

.  0023 

65 

.0063 

.0051 

.0042 

.0034 

.0027 

.  (M)22 

66 

.0061 

.0050 

.0040 

.0033 

.0026 

.0021 

67 

.0059 

.0048 

.  0039 

.0031 

.0025 

.0020 

68 

.  0057 

.0046 

.0037 

.0030 

.  (M)24 

.0019 

69 

.0056 

.0045 

.  0036 

.0029 

.0023 

.0018 

70 

.0054 

.0043 

.0035 

.  0027 

.  0022 

.(M)17 

71 

.0052 

.0042 

.0033 

.0026 

.0021 

.0016 

72 

.0051 

.0041 

.  0032 

.0025 

.0020 

.0015 

73 

.0049 

.0039 

.0031 

.0024 

.0019 

.0015 

74 

.0048 

.0038 

.0030 

.  0023 

.0018 

.  (M) 1 4 

75 

.0047 

.0037 

.0029 

.  0022 

.0017 

.0013 

76 

.0045 

.0035 

.  0028 

.0021 

.0016 

.0013 

7 1 

.0044 

.0034 

.  0027 

.0021 

.0016 

. (M) 1 2 

78 

.0043 

.0033 

.0026 

.0020 

.0015 

. (M) 1 1 

79 

.0041 

.0032 

.0025 

.0019 

.0014 

. (M)l 1 

80 

.0040 

.0031 

.0024 

.0018 

.0014 

.  (M )  1  () 

81 

.0039 

.0030 

.  0023 

.0017 

.0013 

.(MHO 

82 

.0038 

.0029 

.0022 

.0017 

.0013 

.0009 

83 

.0037 

.0028 

.0021 

.0016 

,(M)12 

.0009 

84 

.  0036 

.0027 

.0021 

.0015 

.0011 

.0008 

85 

.0035 

.0026 

.0020 

.0015 

.0011 

.0008 

86 

.0034 

.0026 

.0019 

.0014 

.0010 

.0008 

87 

.0033 

.  0025 

.0019 

.0014 

.  (M )  1  () 

.  (MM)7 

88 

.0032 

.  0024 

.0018 

.0013 

.0010 

.  (MM)7 

89 

.0031 

.0023 

.0017 

.0013 

.0009 

.  (MM)7 

90 

.  0030 

.  0023 

.0017 

.0012 

.(MMM) 

(MMM) 

341 


6 

k  Cknt. 


(Mill 

(Hill 

0039 

0037 

0034 

0032 

(M)30 

0029 

0027 

0025 

I M 12  \ 
0022 
0021 
0020 
.0019 

(Mils 

0017 
.0010 
.0015 
(  M  1 11 

.  0013 
0012 
.0012 
.001  1 
.0010 

.  0010 
.  0009 
.0009 
OOOS 

ooox 

.0007 
t  N  N  >7 
.0000 
(MMMi 
(MM  Hi 

0005 
( M  M 15 
(MM)5 
.  ( M  M  )5 
(MMM 

(MMM 
.  ( M  M)  4 
(MMM 
o(  K 13 
(MM  13 
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TABLE  II.— (Continued.) 


cc 

< 

X 

Ol/ 

.  q 

Per  Cent. 

3 

Per  Cent. 

3^ 

Per  Cent. 

4 

Per  Cent. 

4K 

Per  Cent. 

5 

Per  Cent. 

6 

Per  Cent. 

91 

.0030 

.  0022 

.0016 

.0012 

.  0008 

.  0006 

.  0003 

92 

.  0029 

.0021 

.0015 

.0011 

.  0008 

.  0006 

.  0003 

93 

.  0028 

.0021 

.0015 

.0011 

.  0008 

.  0005 

.  0003 

94 

.  0027 

.  0020 

.0014 

.0010 

.  0007 

.  0005 

.  0003 

95 

.  0026 

.0019 

.0014 

.0010 

.  0007 

.  0005 

.  0002 

96 

.  0026 

.0019 

.0013 

.0010 

.0007 

.  0005 

.0002 

97 

.  0025 

.0018 

.0013 

.  0009 

.0006 

.0004 

.0002 

98 

.  0024 

.0018 

.0012 

.0009 

.  0006 

.0004 

.0002 

99 

.0024 

.0017 

.0012 

.0008 

.  0006 

.0004 

.0002 

100 

.0023 

.0016 

.0012 

.  0008 

.0006 

.0004 

.0002 

By  this  method  nothing  is  directly  written  off  from  property  ac¬ 
counts;  but,  whenever  additions  are  made,  the  rate  of  depreciation, 
including  life  and  cost,  is  at  once  determined,  and,  at  the  end  of  the 
year  or  period,  the  aggregate  of  all  the  different  rates  is  deposited 
to  the  renewal  fund.  There  is  therefore  at  all  times  a  cash  asset 
representing  the  value  of  the  deterioration  going  on  in  the  plant; 
and  out  of  this  asset  purchases  of  new  plant  for  the  renewal  of  old 
plant  can  at  any  time  be  made. 

If  at  any  time  it  is  desired  to  determine  the  value  of  this  fund,  it 
will  be  necessary  to  compute  it  for  each  item  or  class  from  the  first 
date  of  deposit,  inasmuch  as  any  additions  that  may  have  been  made 
will  of  course  have  terms  of  life  ending  later  than  that  of  the  original 
plant. 

The  following  table  (HI),  showing  the  accumulated  value  of  one 
dollar  for  any  term  of  years  and  at  various  percentages  in  common 
use,  was  made  up  from  the  following  formula: 

1  amount ; 

r  —  rate ; 

n  =  term  of  years. 

The  amount  or  accumulation  of  an  annuity  or  annual  deposit  of 
one  dollar  at  compound  interest  for  a  stated  term  of  years  at  a  stated 
rate  will  be 
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TABLE  III. 


Reserve  Fund. — Accumulation  of  SI  per  Annum  with  Compound  Interest. 


CO 

PS 

V 

2K 

3 

VA 

4 

4'A 

5 

< 

i 

K 

b 

Per 

Dent. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Per 

Cent. 

i 

1 

000 

1. 

000 

1 

000 

1. 

000 

1 

(XX) 

1. 

(XX) 

1 

(XX) 

2 

2 

025 

2. 

030 

2 

035 

2 

040 

2 

((45 

2. 

0.50 

2 

(HU) 

3 

3 

076 

3. 

091 

3 

106 

3. 

122 

3 

137 

3. 

153 

3 

184 

4 

4 

153 

4. 

184 

4 

2 1 5 

4. 

246 

4 

27  s 

4. 

310 

4 

375 

5 

5 

256 

5. 

309 

5 

362 

5. 

416 

5 

171 

5. 

526 

5 

.637 

6 

6 

388 

6 

468 

6 

550 

6 

633 

6 

*7  1  *7 
.  1  < 

6. 

802 

6 

975 

7 

7 

547 

*7  • 
/ 

662 

7 

779 

i 

898 

8 

019 

8. 

142 

8 

394 

8 

8 

736 

8. 

892 

9 

052 

9 

214 

9 

380 

9. 

549 

9 

897 

9 

9 

995 

10. 

159 

10 

368 

10 

583 

10 

SI  )2 

11. 

027 

11 

191 

10 

11 

203 

11. 

494 

11 

731 

12 

006 

12 

2ss 

12. 

578 

13 

lsl 

11 

12. 

483 

12. 

80S 

13 

142 

13 

486 

13 

841 

14. 

207 

14 

972 

12 

13 

796 

14. 

192 

14 

602 

15 

026 

15 

464 

15. 

917 

16 

s7o 

13 

15 

140 

15. 

618 

16 

113 

16. 

627 

17 

160 

17. 

713 

18 

.882 

14 

16 

519 

17. 

086 

17 

677 

18 

292 

18 

932 

19. 

599 

21 

015 

15 

17 

932 

18. 

599 

19 

296 

20 

024 

20 

784 

21. 

579 

23 

276 

16 

19 

380 

20. 

157 

20 

971 

21 

825 

22 

719 

23. 

657 

25 

673 

17 

20 

865 

21. 

762 

22 

705 

23 

69S 

24 

742 

25. 

840 

28 

213 

18 

22 

386 

23 

414 

24 

500 

25 

645 

26 

85  5 

28. 

1 32 

30 

.906 

19 

23 

946 

25 

117 

26 

357 

27 

671 

29 

064 

30. 

539 

33 

760 

20 

25 

545 

26. 

870 

28 

280 

29 

778 

31 

371 

33. 

066 

36 

7  86 

21 

27 

183 

28 

676 

30 

269 

31 

969 

33 

783 

35. 

719 

39 

.993 

22 

28 

863 

30 

537 

32 

329 

34 

248 

36 

303 

38. 

5(  )5 

43 

392 

23 

30 

584 

32 

453 

34 

460 

36 

618 

38 

937 

41. 

430 

46 

.996 

24 

32 

349 

34 

426 

36 

667 

39 

083 

41 

689 

44. 

502 

50 

816 

25 

34 

158 

36 

459 

38 

950 

41 

646 

44 

565 

47. 

727 

54 

SI  ,  ", 

26 

36 

012 

38 

553 

41 

313 

44 

312 

47 

571 

51. 

113 

59 

156 

27 

37 

912 

40 

710 

43 

759 

47 

084 

50 

711 

54 

669 

63 

706 

28 

39 

860 

42 

931 

46 

291 

49 

90S 

53 

993 

58. 

in:; 

68 

528 

29 

41 

856 

45 

219 

48 

911 

52 

966 

v  57 

423 

62. 

323 

73 

tiln 

30 

43 

903 

47 

575 

51 

623 

56 

085 

61 

007 

66 

439 

79 

05  s 

31 

46 

000 

50 

003 

54 

429 

59 

328 

64 

752 

70 

761 

84 

si  12 

32 

48 

150 

52 

503 

57 

335 

62 

701 

68 

666 

75. 

299 

90 

890 

33 

50 

354 

55 

078 

60 

341 

66 

210 

70 

12 

756 

80 

064 

97 

343 

34 

52 

.613 

57 

730 

63 

453 

69 

858 

77 

030 

85 

067 

104 

|S| 

35 

54 

928 

60 

462 

66 

.674 

.73 

652 

81 

197 

90 

320 

111 

135 

36 

57 

.301 

63 

276 

70 

.008 

^*7 

( 7 

598 

86 

164 

95 

836 

119 

.121 

37 

59 

.734 

66 

174 

73 

-158 

81 

702 

91 

on 

101 

628 

127 

.  268 

38 

62 

.227 

69 

159 

77 

.029 

85 

970 

96 

138 

107 

710 

135 

.904 

39 

64 

.783 

72 

234 

80 

.725 

90 

409 

101 

mi 

114 

095 

145 

H5  s 

40 

67 

.403 

75 

401 

84 

550 

95 

026 

107 

.030 

120 

800 

154 

.762 

41 

70 

.088 

78 

663 

88 

.510 

99 

827 

112 

847 

127 

840 

165 

.048 

42 

72 

.840 

82 

023 

92 

.607 

104 

82<  i 

118 

925 

135 

232 

175 

.951 

43 

75 

.661 

85 

.484 

96 

.849 

110 

012 

125 

.276 

142 

993 

187 

508 

44 

78 

.552 

89 

Ills 

101 

.238 

115 

113 

131 

'.Hi 

151 

1 13 

199 

758 

45 

81 

.556 

92 

.720 

105 

.  782 

121 

.029 

138 

X5( » 

159 

700 

212 

.744 

5 
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TABLE  III. — ( Continued .) 


£ 

i 

5 

3/4 

* 

4  y* 

j 

Ter  Cent. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

46 

84 

554 

96 

501 

no 

484 

126 

871 

146 

098 

168 

685 

226 

508 

47 

87 

668 

100 

297 

115 

351 

132 

945 

153 

673 

178 

119 

241 

099 

48 

90 

860 

104 

408 

120 

.388 

139 

263 

161 

588 

188 

025 

256 

565 

49 

94 

131 

108 

541 

125 

602 

145 

834 

169 

859 

198 

427 

272 

958 

50 

97 

484 

112 

797 

130 

.988 

152 

667 

178 

503 

209 

348 

290 

336 

51 

100 

921 

117 

181 

136 

583 

159 

774 

187 

536 

220 

815 

308 

756 

52 

104 

444 

121 

696 

142 

.363 

167 

.165 

196 

975 

232 

856 

328 

281 

53 

108 

056 

126 

347 

148 

.346 

174 

.851 

206 

839 

245 

499 

348 

978 

54 

111 

757 

131 

137 

154 

.538 

182 

845 

217 

146 

258 

774 

370 

917 

55 

115 

551 

136 

072 

160 

.947 

191 

159 

227 

918 

272 

713 

394 

172 

56 

119 

440 

141 

154 

167 

.580 

199 

.806 

239 

174 

287 

348 

418 

822 

57 

123 

426 

146 

388 

174 

.445 

208 

798 

250 

937 

302 

.716 

444 

952 

58 

127 

511 

151 

780 

181 

551 

218 

150 

263 

299 

318 

851 

472 

649 

59 

131 

699 

157 

333 

188 

.905 

227 

876 

276 

075 

335 

794 

502 

.008 

60 

135 

992 

163 

055 

196 

517 

237 

991 

289 

498 

353 

584 

533 

128 

61 

140 

391 

168 

945 

204 

.395 

248 

.510 

303 

525 

372 

263 

566 

116 

62 

144 

901 

175 

013 

212 

549 

259 

451 

318 

184 

391 

876 

601 

083 

63 

149 

524 

183 

264 

220 

988 

270 

829 

333 

502 

412 

470 

638 

148 

64 

154 

262 

187 

702 

229 

723 

282 

662 

349 

510 

434 

093 

677 

437 

65 

159 

118 

194 

333 

238 

763 

294 

968 

366 

238 

456 

798 

719 

083 

66 

164 

096 

201 

163 

248 

120 

307 

767 

383 

719 

480 

638 

763 

228 

67 

169 

199 

208 

198 

257 

804 

321 

078 

401 

986 

505 

670 

810 

022 

68 

174 

429 

215 

444 

267 

827 

334 

921 

421 

075 

531 

953 

859 

623 

69 

179 

789 

222 

907 

278 

201 

349 

318 

441 

024 

559 

551 

912 

200 

70 

185 

284 

230 

594 

288 

938 

364 

290 

461 

870 

588 

529 

967 

932 

71 

190 

916 

238 

512 

300 

051 

379 

862 

483 

654 

618 

955 

1027 

008 

72 

196 

689 

246 

637 

311 

556 

396 

057 

506 

418 

650 

903 

1089 

629 

73 

202 

606 

255 

067 

323 

457 

412 

899 

530 

207 

684 

448 

1156 

006 

74 

208 

672 

263 

719 

335 

778 

430 

415 

555 

066 

719 

670 

1226 

367 

75 

214 

888 

272 

631 

348 

530 

448 

631 

581 

044 

756 

654 

1330 

949 

76 

221 

261 

281 

810 

361 

729 

467 

557 

608 

191 

795 

486 

1380 

006 

77 

227 

792 

291 

264 

375 

389 

487 

280 

636 

560 

836 

261 

1463 

806 

78 

234 

487 

301 

002 

389 

528 

507 

771 

666 

205 

879 

074 

1552 

634 

79 

241 

349 

311 

032 

404 

161 

529 

082 

697 

184 

924 

027 

1646 

792 

80 

248 

383 

321 

363 

419 

307 

551 

245 

729 

558 

971 

229 

1746 

600 

81 

255 

592 

332 

004 

434 

983 

574 

295 

763 

388 

1020 

790 

1852 

396 

82 

262 

982 

342 

964 

451 

207 

598 

267 

798 

740 

1072 

830 

1964 

540 

83 

270 

55/ 

354 

253 

467 

999 

623 

197 

835 

684 

1127 

471 

2083 

412 

84 

278 

321 

365 

881 

485 

.379 

649 

125 

874 

289 

1184 

845 

2209 

417 

85 

288 

279 

377 

857 

503 

.367 

676 

090 

914 

632 

1245 

087 

2342 

980 

86 

294 

.436 

390 

.193 

521 

.985 

704 

.134 

956 

791 

1308 

341 

2484 

561 

87 

302 

.796 

402 

.898 

541 

.  255 

733 

.299 

1000 

846 

1374 

758 

2634 

634 

88 

311 

.366 

415 

.985 

561 

.199 

763 

.631 

1046 

884 

1444 

496 

2793 

712 

89 

320 

.150 

429 

.465 

581 

.841 

795 

.176 

1094 

994 

1517 

.721 

2962 

335 

90 

329 

.154 

443 

.349 

603 

.205 

827 

.983 

1145 

.269 

1594 

.607 

3141 

075 
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TABLE  III. — ( Continued .) 


Y ICA  US. 

2  y* 

Per  Cent. 

3 

Per  Cent. 

3% 

Per  Cent. 

4 

Per  Cent. 

4K 

Per  Cent. 

5 

Per  Cent. 

6 

Per  Cent. 

91 

338.383 

457 . 649 

625.317 

862.103 

1197.806 

1675.338 

3330  540 

92 

347.843 

472.379 

648 . 203 

897 . 587 

1252.707 

1760. 105 

3531  372 

93 

357 . 539 

487 . 550 

671.890 

934.490 

1310.079 

1849.110 

3744  254 

94 

367.477 

503.177 

696.407 

972.870 

1370.033 

1942  565 

3969.910 

95 

377.664 

519.272 

721.781 

1012.785 

1432.684 

2040.094 

4209. 104 

96 

388.106 

535 . 850 

748.043 

1054.296 

1498.155 

2143.72S 

4462.651 

97 

398.808 

552.926 

775.225 

1097.468 

1566.572 

2251.915 

4731  410 

98 

409.799 

570.513 

803.358 

1124.367 

1638.068 

2365  510 

5016.294 

99 

421.023 

588 . 629 

832.475 

1189.061 

1712.781 

2484 . 7S6 

5318  -'72 

100 

432.549 

607 . 288 

862.612 

1237.624 

1790.S56 

2610.025 

5638 . 368 

For  convenience  in  computing  these  tables,  a  compound  interest 
table  is  appended  below: 


COMPOUND  INTEREST  TABLE. 

Showing  the  Sum  to  which  SI  will  Increase  at  Compound  Interest  Dur¬ 
ing  Any  Number  of  Years  Not  Exceeding  50. 


NO.  OF 
Years. 

*  2% 

Per  Cent. 

3 

Per  Cent. 

3% 

Per  Cent. 

4 

Per  Cent. 

4^ 

PeuCent. 

5 

Per  Cent. 

6 

Per  Cent. 

1 

1.02500 

1 . 030000 

1.03500 

1 . 040000 

1 . 04500 

1 .050000 

1.060000 

2 

1.05063 

1 . 060900 

1.07123 

1.081600 

1.09202 

1 . 102500 

1 . 123600 

3 

1 . 07689 

1 . 092727 

1 . 10872 

1.124864 

1.14116 

1.157625 

1 . 191016 

4 

1 . 10381 

1 . 125509 

1 . 14752 

1 . 169859 

1 . 19251 

1.215506 

1.262477 

5 

1.13141 

1 . 159274 

1 . 18769 

1.216653 

1.24617 

1.2762^2 

1 . 338226 

6 

1 . 15969 

1 . 194052 

1 . 22926 

1.265319 

1 . 30225 

1 . 340096 

1.418519 

7 

1 . 18869 

1 . 229874 

1 . 27228 

1.315932 

1.36084 

1.407100 

1.603630 

8 

1.21840 

1 . 266770 

1.31681 

1 . 368569 

1.42208 

1 .477455 

1.693848 

9 

1 . 24886 

1 . 304773 

1 . 36290 

1.423312 

1.48607 

1.551328 

1.689479 

10 

1.28008 

1.343916 

1.41060 

1.480244 

1 . 55294 

1.628895 

1 . 790848 

11 

1.31209 

1 . 384234 

1.45997 

1 . 539454 

1.69684 

1.710339 

1 . 898299 

12 

1 . 34489 

1.425761 

1.51107 

1.601032 

1.77215 

1 .795856 

2.012196 

13 

1.37851 

1.468534 

1 . 56395 

1 . 665074 

1.86189 

1.885649 

2  1 32928 

14 

1.41297 

1.512590 

1.61869 

1.731676 

1.93522 

1.979932 

2 . 260904 

15 

1.44830 

1 . 557967 

1 . 67534 

1.800944 

2.02230 

2.07892S 

2  396558 

16 

1.48451 

1 . 604706 

1 . 73398 

1.872981 

2.11330 

2.182875 

2 . 540352 

17 

1.52162 

1 . 652848 

1 .79467 

1.947901 

2 . 20839 

2.292018 

2.692773 

18 

1.55966 

1.702433 

1 . 85748 

2.025S17 

2.30777 

2.406619 

2.854339 

19 

1 . 59865 

1.753506 

1.9224!) 

2.106849 

2.41160 

2.526950 

3 . 025600 

20 

1 . 63862 

1.806111 

1.98978 

2.191123 

2.52012 

1 

2.653298 

3.207135 
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COMPOUND  INTEREST  TABLE. — {Continued.) 


No.  OF 
Years. 

VA 

Per  Cent. 

3 

Per  Cent. 

3/4 

Per  Cent. 

4 

Per  Cent. 

4^ 

Per  Cent. 

5 

Per  Cent. 

6 

Per  Cent. 

21 

1 . 67958 

1.860295 

2.05942 

2.278768 

2 . 63352 

2 . 785963 

3 . 399564 

22 

1.72157 

1.916103 

2.13150 

2.369919 

2.75203 

2.925261 

3 . 603537 

23 

1.76461 

1.973587 

2.20610 

2.464716 

2 . 87587 

3.071524 

3.819750 

24 

1 .80873 

2.032794 

2.28331 

2 . 563304 

2.99034 

3.225100 

4.048935 

25 

1.85394 

2.093778 

2.36327 

2.665836 

3.12491 

3 . 386355 

4.291871 

26 

1.90029 

2.156591 

2.44598 

2.772470 

3 . 26553 

3 . 555673 

4 . 549383 

27 

1 . 94780 

2.221289 

2.53159 

2 . 883369 

3.41248 

3 . 733456 

4.822346 

28 

1.99650 

2 . 287928 

2.62019 

2.998703 

3 . 56604 

3.920129 

5.111687 

29 

2.04641 

2.356566 

2.71190 

3.118651 

3.72651 

4.116136 

5.418388 

30 

2.09757 

2.427262 

2.80682 

3 . 243398 

3 . 89420 

4.321942 

5.743491 

31 

2.15001 

2.500080 

2.90506 

3.373133 

4 . 06944 

4 . 538039 

6.088101 

32 

2.20376 

2.575083 

3 . 00674 

3 . 508059 

4 . 25256 

4.764941 

6.453387 

33 

2 . 25885 

2 . 652335 

3.11198 

3.648381 

4.44393 

5.003189 

6 . 840590 

34 

2.31532 

2.731905 

3 . 22090 

3.794316 

4.64391 

5 . 253348 

7.251025 

35 

2.37321 

2.813862 

3.33363 

3.946089 

4 . 85289 

5.516015 

7 . 686087 

36 

2.43254 

2 . 898278 

3.45031 

4.103933 

5.07127 

5.791816 

8 . 147252 

37 

2.49335 

2.985227 

3.57107 

4 . 268090 

5 . 29948 

6.081407 

8 . 636087 

38 

2 . 55568 

3.074783 

3.69605 

4.438813 

5.53796 

6 . 385457 

9.154252 

39 

2.61957 

3.167027 

3.82541 

4.616366 

5.78717 

6.704751 

9 . 703507 

40 

2.68506 

3.262038 

3.95929 

4.801021 

6.04759 

7.039989 

10.285718 

41 

2.75219 

3 . 359899 

4 . 09786 

4.993061 

6.31973 

7.391988 

10.902861 

42 

2.82100 

3.460696 

4.24128 

5.192784 

6.60412 

7.761588 

11.557033 

43 

2.89152 

3.564517 

4.38972 

5.400495 

6.90131 

8.149667 

12.250455 

44 

2.96381 

3.671452 

4 . 54336 

5.616515 

7.21187 

8.557150 

12.985482 

45 

3.03790 

3.781596 

4.70237 

5.841176 

7 . 53640 

8.985008 

13.764611 

46 

3.11385 

3.895044 

4.86695 

6 . 074823 

7 . 87554 

9.434258 

14.590487 

47 

3.19170 

4.011895 

5 . 03729 

6.317816 

8.22994 

9.905971 

15.465917 

48 

3.27149 

4.132252 

5.21359 

6 . 570528 

8.60029 

10.401270 

16.393872 

49 

3.35328 

4.256219 

5 . 39606 

6 . 833349 

8.98730 

10.921333 

17.377504 

50 

3.43711 

1 

4.383906 

5.58492 

7.106683 

9.39172 

11.467400 

18.420154 

Should  it  be  desired  to  compute  the  sum  necessary  in  one  deposit 
to  amount  to  one  dollar  in  a  stated  term  of  years  at  a  stated  rate  of 
interest,  the  following  formula  is  useful,  using  the  same  symbols  as 
before : 

Amount  of  investment  equal  to  $1  in  a  term  of  n  years  =  — j — ~yr‘ 

One  defect  of  the  foregoing  method  of  treating  depreciation  is,  that 
while  the  actual  deterioration  may  be  proportional  to  length  of  life, 
and  in  some  cases  may  be  the  heaviest  in  the  early  stages,  the  increase 
in  value  of  the  renewal  fund  becomes  greater  as  time  goes  on,  growing 
quite  rapidly  after  a  period  of  thirty  years. 
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Doubtless  there  are  many  other  methods  that  have  l>een  practised 
by  members  of  this  Club,  and  the  writer  will  consider  that  this  paper 
has  accomplished  some  good  if  it  shall  succeed  in  bringing  out  these 
methods  in  the  discussion. 


GENERAL  DISCUSSION. 

The  President. — Do  any  of  the  members  present  wish  to  make  remarks  on 
this  subject?  It  is  early  yet  in  the  evening,  and  there  is  nothing  further  to  fill  in 
the  time.  We  shall  be  pleased  to  hear  from  some  of  you.  Mr.  Schumann,  cannot 
you  make  a  few  remarks  on  the  subject? 

F.  Schumann. — The  question  of  depreciation  is  not  sufficiently  considered  by 
the  industrial  concerns  of  our  country,  and  therefore  the  paper  presented  by  Mr. 
Foster  is  most  opportune  and  valuable.  Some  of  the  tables  shown  are  of  direct 
use  in  determining  values.  Mr  Foster  shows  clearly  how  crude  some  of  the 
methods  in  vogue  must  be,  such,  for  instance,  in  general  use  by  our  manufacturers, 
of  assuming  that  a  machine  will  wear  out  in  say  ten  years,  and  therefore  making 
a  deduction  of  ten  per  cent,  for  depreciation. 

I  am  especially  interested  in  the  method  referred  to  by  Mr.  Foster,  which  sets 
aside  a  certain  cash  amount  annually  for  each  machine,  appliance,  or  building,  to 
cover  depreciation,  the  amount  being  invested  separately  and  resulting  in  a  cash 
asset  when  the  machine,  etc.,  becomes  worthless. 

Carl  Herixg. — It  seems  to  me  that  instead  of  investing  that  thirty-five 
thousand  a  year  in  some  trust  company  it  would  be  more  profitable  to  invest  it  in 
your  own  business,  where  you  are  apt  to  earn  more  than  three  and  a  half  per  cent. 
In  that  case,  however,  the  necessary  calculation  has  to  be  made  every  year  and 
the  proper  amount  set  aside  in  the  book.  You  must  of  course  have  it  properly 
entered. 

The  President. — There  was  a  remark  made  to  me  a  short  time  ago  about  a 
certain  railroad  in  regard  to  its  locomotives.  They  are  articles  of  motive  power 
that  require  a  good  deal  of  attention,  and  necessarily,  from  time  to  time,  a  great 
deal  of  money  is  spent  on  them  in  order  to  keep  them  up  properly  and  in  good 
working  condition.  This  railroad,  I  understand,  is  about  adopting  a  system  (and 
probably  they  have  commenced  it)  of  putting  a  locomotive  on  the  road  ami  pass¬ 
ing  it  from  one  engineer  to  another,  or,  in  other  words,  not  permitting  the  same 
engineer  to  use  it  all  the  time;  say  there  may  be  three  or  four  engineers  who  will 
each  have  it  a  day  or  week,  as  it  may  be.  The  idea  is  to  run  the  engine  down 
without  making  extensive  repairs  to  it — more  than,  possibly,  renewing  a  bolt 
or  something  of  that  kind — until  it  is  completely  worn  out,  and  then  replacing  it 
with  an  entire  new  one.  I  have  been  taught  all  my  life  to  believe  in  the  old 
axiom,  that  a  stitch  in  time  saves  nine,  especially  so  with  a  locomotive,  as  it  can 
soon  be  ruined  for  the  want  of  slight  repairs.  I  hardly  understand  the  economy 
in  the  system.  This  is  a  very  interesting  subject  Mr.  Foster  has  brought  up,  and 
it  will  be  well  worthy  of  the  study  of  every  man  engaged  in  engineering  or  a 
mechanical  business  where  machinery  is  used. 

A.  E.  Lehman. — I  would  like  to  ask,  if  the  object  is  to  allow  the  locomotive 
to  wear  out  in  the  usual  way,  why  they  constantly  change  the  engineer?  That 
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is  to  say,  if  without  any  repairs,  the  engine  is  to  run  its  course,  what  is  gained  by 
a  constant  change  of  engineers?  Possibly  it  may  be  to  prevent  the  engineer 
from  becoming  attached  to  the  machine,  and  taking  special  care  of  it,  as  is  often 
the  case  when  one  man  has  the  exclusive  use  of  it. 

The  President. — I  presume  the  object  is  to  get  more  duty  out  of  it.  You 
know  if  you  put  a  man  on  an  engine  permanently  he  is  very  careful  of  that  engine. 
He  will  take  great  care  of  it  and  will  not  put  it  to  any  more  duty  than  possible. 
In  other  words,  their  idea  is  to  get  all  the  work  they  possibly  can  out  of  it,  or  get 
more  work  out  of  it  in  a  given  time.  The  same  applies  to  ships,  in  some  respect, 
in  regard  to  the  life  of  steam  boilers.  There  was  a  time  when  it  was  the  engi¬ 
neer’s  duty  to  take  particular  care  of  his  boilers  and  make  them  last  as  long  as  he 
possibly  could.  This  is  not  the  case  now;  it  is  to  get  the  greatest  possible  duty 
out  of  them.  It  is  considered  cheaper  and  more  economical  to  renew  the  boiler 
in  a  few  years,  running  them  under  forced  draft,  than  it  is  to  put  in  a  larger  num¬ 
ber  of  boilers  in  the  offstart  and  run  them  under  a  natural  draft,  even  if  they  last 
twice  as  long.  The  economy  lies  in  the  saving  of  cargo  space,  first  cost  of  boiler, 
weight,  and  possibly  consumption  of  fuel. 

R.  D.  Coombs,  Jr. — Do  I  understand  that  is  an  experimental  rule,  or  is  it  a 
newly  established  practice? 

The  President. — Well,  that  is  a  newly  established  practice,  established  about 
ten  years  ago,  when  the  forced  hot  draft  system  came  into  practice. 

Mr.  Coombs. — I  can’t  quite  see  how  they  get  any  advantage  out  of  it.  The 
trainmaster  arranges  the  work. 

The  President. — This  applies  to  the  boiler.  In  the  first  cost  it  is  cheaper, 
because  it  doesn’t  require  more  than  one-half  the  number  of  boilers  running  under 
the  forced  draft  system  that  it  does  under  a  natural  draft;  besides,  the  latter 
system  takes  up  a  great  deal  of  valuable  cargo  room  and  adds  weight  to  the  vessel ; 
so  it  is  considered  that  if  seven  or  eight  years’  service  can  be  gotten  out  of  a  set  of 
boilers  running  under  forced  draft,  it  is  equal  to  about  eleven  or  twelve  years 
under  a  natural  draft.  Consequently  that  much  work  has  been  gotten  out  of 
them  and  they  have  earned  the  money  in  shorter  time. 

Mr.  Lehman. — They  gain  in  speed  also,  do  they  not? 

The  President. — No,  I  don’t  know  that  they  gain  in  speed.  To  illustrate  the 
system,  under  natural  draft,  say,  we  burn  sixteen  pounds  of  coal  per  square  foot 
of  grate  surface  per  hour  to  forty  pounds  under  a  forced  draft.  We  are  then 
making  that  boiler  do  double  duty.  In  other  words,  boilers  run  under  natural 
draft  have  to  have  double  the  amount  of  grate  surface,  or  seventy-five  per  cent, 
more,  at  least,  in  order  to  develop  the  same  duty.  The  economy  lies  more  par¬ 
ticularly  in  room  and  cargo  space — valuable  space  which  can  be  utilized  to  carry 
freight  and  thereby  return  a  quick  profit  to  the  owner. 

Wm.  Copeland  Furber. — Mr.  President,  regarding  the  statement  which  has 
been  made,  of  the  practice  of  keeping  locomotives  in  continuous  service  without 
repairs,  the  practice,  as  I  understand  it,  now  followed  by  some  of  the  Western  roads 
— the  trans-Mississippi  roads — is  to  increase  the  length  of  the  engine  “stages,” 
by  keeping  the  engine  on  a  continuous  run  beyond  the  usual  railroad  “  divisions.” 
At  the  end  of  each  of  these  divisions,  the  engine  crews  change  as  usual,  but  the 
engine  keeps  on  to  the  end  of  the  run,  and  is  not  retired  to  the  round-house  to  cool 
off,  as  is  the  custom  with  the  Eastern  roads;  by  this  arrangement  the  engine  is 
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kept  in  practically  continuous  service  without  periods  of  rest  corresponding  to  the 
periods  of  rest  of  the  engine  crew.  I  have  never  understood,  however,  that  the 
repairs  were  neglected,  which  would  seem  to  be  unjustifiable. 

The  President. — The  remark  Mr.  Foster  made  in  regard  to  new  machinery, 
the  important  question  is,  whether  it  is  economy  to  keep  on  repairing  old  ma¬ 
chinery  and  making  it  do  the  work  to  the  exclusion  of  better  and  more  modern 
machinery  as  applied  to  manufacturing  establishments.  I  think  there  are  some 
railroads  in  this  State  t hat  have  paid  very  dear  for  this  mistaken  economy  in 
taking  care  of  their  old  locomotives.  Dating  back  thirty  years,  I  think  they  have 
permitted  themselves  to  get  behind  in  their  motive  power.  Now  they  have 
opened  their  eyes  to  the  fact  and  are  equipping  their  roads  with  new  and  modern 
engines  of  much  larger  capacity. 
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ABSTRACT  OF  MINUTES  OF  THE  CLUB. 


Business  Meeting,  September  20,  1902. — President  Hartley  in  the  chair. 
Sixty  members  and  four  visitors  present. 

The  death  of  Honorary  Member  William  Hasell  Wilson  was  announced. 

A  topical  discussion  on  “Depreciation  as  Affecting  Engineered  Structures” 
was  opened  by  Air.  Horatio  A.  Foster,  the  general  subject  being  discussed  by 
Messrs.  Francis  Schumann,  Henry  J.  Hartley,  W.  C.  Furber,  and  others. 

The  Tellers  reported  the  election  of  Messrs.  Edw.  W.  Vaill,  Jr.,  and  I.  Weil 
to  active  membership,  and  Mr.  Robt.  Wetherill,  Jr.,  to  junior  membership. 


ABSTRACT  OF  MINUTES  OF  THE  BOARD  OF  DIRECTORS. 


Regular  Meeting,  September  20,  1902. — Present:  President  Hartley,  Vice- 
Presidents  Smith  and  Comfort,  Directors  Hewitt  and  Myers  (later  Directors 
Foster  and  McBride),  and  the  Secretary. 

The  Treasurer’s  report  showed: 


Balance,  May  31,  1902, . 

$2294 . 

.03 

June  receipts, . 

. $155. 

40 

July  receipts, . 

.  104 

.00 

August  receipts, . 

.  8 

.75 

268. 

.15 

$2562 . 

18 

June  disbursements, . 

. $178 , 

.60 

Julv  disbursements, . 

.  601 

.79 

August  disbursements, . 

.  140 

.00 

920 

.39 

Balance, . 

$1641. 

.79 

The  Library  Committee  reported  that  some  of  the  selected  periodicals  referred 
to  in  the  meeting  of  June  7th  were  being  bound. 

The  President  was  requested  to  appoint  a  committee  of  three  to  consider 
the  celebration  of  the  Club’s  twenty-fifth  anniversary,  which  will  occur  next 
December  17th,  and  to  report  to  the  Board. 


Additions  to  the  Library . 
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ADDITIONS  TO  GENERAL  LIBRARY. 


From  Wm.  B.  Phillips,  Director  University  of  Texas  Mineral  Sur¬ 
vey,  Austin,  Texas. 

Bulletin  No.  3,  May,  1902.  Coal,  Lignite  and  Asphalt  Rocks. 

From  John  Birkinbine,  Philadelphia. 

The  Production  of  Iron  Ores  in  1901. 

The  Production  of  Manganese  Ores  in  1901. 

From  LeRoy  Publishing  Co.,  New  York. 

The  Buyer  and  Seller  Directory,  1902. 

From  James  G.  Barnwell,  Librarian,  Philadelphia. 

Bulletin  of  the  Library  Company  of  Philadelphia,  September,  1902. 

From  L.  C.  Ferrell,  Superintendent  of  Documents,  Washington,  D.  C. 
Monthly  Summary  of  Commerce  and  Finance  of  United  States,  May,  July, 
August,  and  November,  1901. 

Consular  Reports,  June  and  July,  1902. 

Exports  Declared  for  the  United  States  during  Four  Quarters  of  Fiscal  Years 
ending  June  30,  1900,  and  June  30,  1901. 

Returns  from  Consular  Districts  for  Quarters  ending  September  30,  1901,  Decem¬ 
ber  31,  1901,  and  March  31,  1902. 

Annual  Report  of  Smithsonian  Institute,  1900. 

Report  of  Secretary  of  the  Navy,  1901,  Part  2. 

Fifteenth  Annual  Report  of  Interstate  Commerce  Commission,  1901. 

Sixteenth  Annual  Report  of  Commissioner  of  Labor,  1901. 

Treasury:  Annual  Reports,  1901.  Finance. 

“  “  “  “  Production  of  Gold  and  Silver  in  United 

States. 

Report  of  War  Department,  1900.  Vol.  1,  part  4,  part  6,  and  part  8. 
Year-book  of  Department  of  Agriculture,  1901. 

Foreign  Relations  of  the  United  States,  1901. 

“  “  “  11  11  “  Affairs  in  China. 

Annual  Reports  of  Department  of  Interior,  1901.  Part  1,  Miscellaneous. 

Annual  Reports  of  Department  of  Interior,  1901.  Part  1,  Indian  Affairs. 
Annual  Reports  of  Department  of  Interior,  1901.  Part  1,  Secretary  of  Interior. 

From  William  G.  Gray,  Philadelphia. 

Bulletin  of  Twelfth  Census  of  the  United  States. 

From  Harvey  Linton,  Altoona,  Pa. 

Municipal  Manual  for  City  of  Altoona,  Pa.,  1902-1903. 

From  John  C.  Brannf.r,  Stanford  University,  California. 
Phosphate  Rocks  of  Arkansas,  1902. 

From  Fairmount  Park  Art  Association,  Philadelphia. 
Thirteenth  Annual  Report,  1902. 
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